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ost successful book that solves the problems of: 


® how to present ‘‘modern chemistry” in a way 
that students can understand; 


~ @ how to include as well the necessary “‘classical”’ 
material within the limits of a two-semester 


course 
First Year College Chemistry 
JOHN W. BARKER PAUL K. GLASOE 
Professor of Chemistry Professor of Chemistry 
Wittenberg College Carthage College 


An important new text providing all the facts and principles essential to the introductory 

course. The book firmly grounds the student in the orderly nature of Chemistry through 

an inductive study of electron configuration, the role of electrons in the Periodic Classifi- 
497 pages cation, and their behavior in chemical reactions. 


$5.00 A unique two-part division of each chapter permits reading and problem assignments to 
fit students’ varying abilities. Clear terminology, a wealth of problems and drawings, and 
the concise organization of the material complete the features designed to aid both the 
student and teacher. For today’s college course in general chemistry, this is an excellently 
Cesigned text. 


LABORATORY MANUAL 


JOHN W. BARKER and PAUL K. GLASOE 


201 pages 


Following the subject matter of the text, FIRST YEAR $3.25 


COLLEGE 


CHEMISTRY, this Manual—in its first half— 


studies the chemistry of some important non-metals and the 
demonstration of chemical principles. The second half deals 


with qualitative analysis of both cations and anions. 


McGraw-Hitt Boox Company. Inc. 


"42ND STREET NEW YORK 36. N. Y. 
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Today, increased civilian as well as military demands keep the 
steel industry going at full tilt. With time a vital factor in 
making determinations, most steel chemists favor ‘Baker 
Analyzed’ Reagents with the actual lot analysis on the label. 


These dependable laboratory chemicals, with defined purity 
to the decimal, enable chemists to operate at top speed and 
to check their calculations quickly. Featured is ‘Baker 
Analyzed’ Potassium meta-Periodate, low in Manganese. 


Below are a few other ‘Baker Analyzed’ Reagents with extreme- 
ly low indexes of impurities so important to steel chemists. 


It is no surprise that ‘Baker Analyzed’ Reagents are held 
in such high esteem by the steel chemist. Surveys show that 
‘Baker Analyzed’ Reagents are preferred by practically every 
industry where raw materials are controlled and finished 
products are searchingly analyzed. 


REAGENT 


SPEED UP TESTS with Baker Analyzed 
POTASSIUM mem-PERIODATE low in Manganese 


— 


Order your supply of ‘Baker Analyzed’ Reagents from yout 
favorite laboratory supply house. There is a Baker distributor 
near you who will give you quick, efficient service. 


For a copy of Baker’s recent Specification Catalog, write 
J. T. Baker Chemical Co., Phillipsburg, New Jersey. 


Other ‘Baker Analyzed’ Reagents 
of interest to Steel Chemists 
Ammonium Persulfate Perchloric Acid 
Hydrochloric Acid Sodium Chlorate 
Hydrofluoric Acid Sodium Peroxide 
Molybdic Acid Tin, Granular, 


20 or 30 mesh 
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A. H. T. CO. SPECIFICATION 


New EXTRACTION APPARATUS 
WITH THERMOSTATIC CONTROL 


EXTRACTION APPARATUS, Electric, Thermostatic, 
Six-Unit, A. H. T. Co. Specification. Corrosion resistant 
throughout. Consisting of six separate heaters, each with 
individual thermostat for controlling temperatures at any 
point between 93°C and approx. 330°C. within +5.5°C. 


Each hot plate is equipped with individual switch and 
pilot lamp to facilitate setting. Mounted in a rectangular 
sheet metal base, with convenient clamping arrangement 
for six extraction apparatus of the Soxhlet type but useful 
for other laboratory procedures requiring variable tem- 
peratures. 


The clamps are made of cast aluminum, with spiral springs 
of Stainless steel with double ring ends for variation in 
tensity, and take extraction apparatus from 30 to 65 mm 
diameter simply by wrapping the loose end of spring 
around the extraction tube or condenser and attaching 
ring end to hook on clamp shank. 


INDIVIDUAL 
THERMOSTATIC 
CONTROL FOR HEATERS 


© CORROSION RESISTANT 
THROUGHOUT 


Thermoregulator: Fenwal ex- | 
panding shell type. 

Hot Plates: Cast aluminum alloy, | 
4 inches diameter. 

Heating Units: Sheathed Chroma- 
lox, ring type; 300 watts; 
readily replaceable. 

Base: 31 inches long, 9 inches 
deep, 8% inches high to top 
of heaters. 

Rods: 36 inches long, 2-inch di- 
ameter, extending approxi- 
mately 28 inches above 
heaters. 


5037-A. Extraction Apparatus, Ther- 
mostatic, as above described, complete 
with two crossarm supports, twelve cast 
aluminum clamps, two support rods, four 
clamp bar holders, and directions for use. 
Without connecting cord. Maximum power 
consumption 1800 watts. 

For 115 226.00 
5037-C. Ditto, but with one crossarm 
support, six clamps, and two clamp bar 
holders. 


More detailed information sent upon request. 


ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE 


PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX and Bell System PH-72 
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MAN AND HIS PHYSICAL UNIVERSE: An Integrated Course in 
Physical Science 


GENERAL BIOCHEMISTRY 


ESSENTIALS OF PHYSIOLOGICAL CHEMISTRY, Fourth Edition 


EXPERIMENTAL NUCLEAR PHYSICS, Volumes | and II 


MICROWAVE SPECTROSCOPY 


ORGANIC REACTIONS, Volume VII 


Editor-in-Chief, RoGER Apams, University of Illinois. This, the seventh in a prominent series, greatly 


INTRODUCTION TO SOLID STATE PHYSICS 


JOHN WILEY & SONS, Inc. 440 Fourth Ave., New York 16, N.Y. 


4 


7 New Texts of Note 


By Ricuarp Wistar, Mills College. This book presents a fresh approach to the physical sciences 

It organizes the subject matter around topics that have a continuing interest for the non-scieng b 
major. Integrating the four physical sciences instead of treating them separately, it arouses a greater’ 
degree of interest, and leads to a larger growth of scientific understanding and appreciation. Factual) 
material is presented before theoretical, and an abundance of dramatic, accurate illustrations high. 
light the presentation. 7953. 488 pages. $4.75. ‘ 


By Josepu S. FruTon and Soria Simmonps, both at Yale University. This new treatment of a rapidly. 
growing field presents modern biochemistry from a general point of view, balancing the structurd 
and dynamic aspects of the subject against each other. Attention is given to the fundamental prin. 
ciples of biochemistry, and the factual material which underlies these principles is drawn from studies 
with plants and microorganisms, as well as animals. 7/953. 940 pages. $10.00 


By ARTHUR K. ANDERSON, The Pennsylvania State College. Since the publication of the third edition in 
1947, enough advances have been made to warrant this new edition. The important facts of bio- 
chemistry relating to the animal body are here presented in language simple enough to be clearly 
understood by the reader with a limited background in chemistry and biology. The emphasis is on 
carbohydrates, lipids, and proteins. 1953. Approx. 457 pages. Prob. $5.00. 


Edited by Emtr1o SEGRE, University of California. These two books are patterned after the German 
handbooks, and are written by a panel of experts. These volumes will provide complete, authoritative 
information on every phase of nuclear physics. The authors have a threefold purpose: (1) to present 
the modern experimental techniques, (2) to point out the significant facts and data, and (3) to indicate 
the broad lines of present-day theoretical interpretation. Volume I: 7953. 789 pages. $15.00. 
Volume II: Ready in August. 


Written at Duke University by WALTER Gorpy, WILLIAM V. SMITH, and RALPH TRAMBARULO. This 
new book—the first ever written in the field—provides up-to-date theory, experimental techniques, and 
applications of the most powerful method yet developed for investigating effects of nucleus on molecular 
spectra and for the study of nuclear spin and nuclear quadrupole moments. It is a rounded, and 
balanced introduction to the field, with much information on instruments and techniques included. 
1953. 446 pages. Prob. $7.50. 


adds to the cumulative value of the series. It gives ready access to an even larger compilation df 
reliable and comprehensive information. The best methods of synthesizing unfamiliar but important 
compounds, based on complete and critical evaluations of experimental methods and laboratory 
procedures, are placed at the organic chemist’s fingertips. 7953. Approx. 464 pages. Prob. $8.50. 


By Cuarwes Kutter, University of California. Basic, yet comprehensive, this is the only book on an 
introductory level to cover a large part of the field of solid state physics. It gives a basic and concise 
discussion of representative areas of the physics of solids, written specifically to fill a void in existing 
textbooks about the subject. Those areas of active research in solids which may be discussed in terms 
of simple physical models are emphasized. 1953. Approx. 387 pages. Prob. $7.00. 


Send for on-approval copies 
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OF THE 
AMERICAN CHEMICAL Aspects of Isomerism and Mesomerism. I: (a) Formulas and Their Meaning (b) 
OFFICERS Hermann Mohler, Ralph E. Oesper...... 228 
eg es eee The Scope and Future of Isotope Utilization, Paul C. Aebersold and Edwin A. 


Harvey F. Mack Business Mgr. 
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BOARD OF PUBLICATION 
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Edward Divers and the Chemistry of Nitrogen Compounds, Desmond Reilly.... 234 
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The Organization of Subject Matter in Elementary Organic Chemistry, Charles A. 
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YOU CAN OBTAIN 


ALL THE CHEMICALS 
NORMALLY USED 
IN THE LABORATORY 


With the recent consolidation of the organic 
division of The Matheson Company and The 
Coleman and Bell Company, now, for the 
first time, one company supplies AND 
GUARANTEES a complete line of 3911 re- 
agent inorganic and organic chemicals, 
biological stains, solutions and chemical 
indicators. 


Our new 812” x 11” catalog of over 100 
pages will show you that every one of the 
chemicals in this complete list has been tested 
by one of our analytical chemists. Where 
ACS has set up specifications, these are met 
and all of the more widely used chemicals 
have either an ACS analysis or minimum 


specification analysis on the label. A techni- 
cal grade may have been checked only as 
to identity, while a Reagent Grade with an 
analysis may have been subjected to fifteen 
different tests . . . BUT EACH IS GUARAN- 
TEED TO MEET THE SPECIFICATIONS LISTED 
IN THE CATALOG! All of the biological 
stains in common use have been tested and 
passed by the Biological Stain Commission. 


We have these chemicals in stock, for prompt 
delivery, at our East Rutherford and Nor- 
wood plants. Matheson, Coleman & Bell 
chemicals are available either through your 
laboratory supply dealer or from the East 
Rutherford or Norwood offices. 


We shall welcome your request for a copy of this new catalog .. . 


Matheson, Coleman & Bell products are distributed by Laboratory 
Supply Houses throughout the world 


And ... as always... 


THE MATHESON CO. 
carries the most diversified 


line available of 


COMPRESSED GASES and 


GAS REGULATORS 


The Complete 
Listof 


REAGENT 


INORGANIC 


AND 
ORGANIC 
CHEMICALS, 
STAINS, 
SOLUTIONS 


Formerly the organic division of The Matheson aes 
and . . The Coleman & Bell Company 


Manufacturing 


Chemists 


EAST RUTHERFORD, NEW JERSEY 


_ NORWOOD (CINCINNATI), OHIO 
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NO. 5050 NO. 5010 He": an opportunity to purchase laboratory glassware for NO. 2010 NO. 2050 


BURETTE BURETTE your school! at the lowest cost in years. For the first time FLASK, FLASK, | 
STOPCOCK PINCHCOCK since 1918, when we began to manufacture and sell quality VOLUMETRIC VOLUMETRIC § 
technical glassware to laboratory supply houses, the W. T. e 
Wiegand Corp. is making its products available directly to 

secondary schools and colleges at an unprecedented saving. 


The following items are accurately calibrated and guaranteed 
to meet the Volumetric Tolerances specified in the U. S. Govern- 
ment's specifications for Glass Volumetric Apparatus (DD-V- 
581): 


5010 Burette, Pinchcock 


Aan 


4040 Pipette, Measuring 


4080 Pipette, Serological 


aww 


NO. 6050 
CYLINDER 


©. 4040 
>, 2010 Flask, Volumetric 


= 
| 


100 | 
ee 


2050 Flesh, Volumetric 


—_ 
Ro | | | | SUS | = 


6050 Cylinder 


= 


4010 Pipettes, Transfer 


its only. 


Above ite Case un 
iscoun All .0.b., “Vineland 


get quantity dis 


| NO. 4080 4010 
PIPETTE, SEROLOGICAL PIPETTE, TRANSFER | 


W. T. WIEGAND CORP. 


VINELAND, NEW JERSEY 


, 19535 Please mention CHEMICAL EDUCATION when writing to advertisers 7 


i af a Saving! ! 
: 
| Eiger 
4 in’ Per 1 10 25 50 = 
No. Item Case Case Cases Cases Cases 
72 36.70 34.95 33.30 31.70 = | 
i 72 36.70 34.95 33.30 31.70 = 
72 36.70 34.95 33.30 31.70 
| | 72 41.70 39.70 37.80 36.00 = 
00 16.20 
= 15 17.30 
36 30.45 29.00 26.30 
36 30.85 29.40 26.65 
36 32.10 30.55 29.10 27.70 
36 36.70 34.95 33.30 31.70 
72 20.00 19.05 18.15 17.30 
{| 72 22.45 21.40 20.40 19.45 
72 25.80 24.55 23.40 22.30 
al 36 27.15 25.85 24.60 23.45 
72 24.20 23.05 21.95 20.90 
72 24:20 93.05 91:95 20.90 
ad 72 98.40 27.05 95.75 94.50 
72 33.35 31.75 30.25 28.80 
72 42.55 40.50 38.55 36.70 


we completely redesigne 


G 


these are 5 
of the redesign features 


Single casting with leveling screws. Permits rigid 
attachment to table if desired. 


Completely new drive mechanism, similar to that 
used in our micro pipet-buret. Handle remains 
stationary. 


New glass part eliminates T connection and permits 
very easy filling. 


Completely new mounting of glass part as em- 
ployed in the micro pipet-buret. 


Simple mounting of gauge reduces breakage of 
glass. 


how the Microburet works* 


A precision ground plunger, having the required diameter 
so that the dial micrometer gauge reads directly in volume 
units, displaces mercury in a reservoir sealed off by a sili- 
cone rubber gasket, contained in an aluminum bushing. The 
displaced mercury in turn forces exactly the same volume of 
titrating liquid through a fine orifice immersed in the solu- 
tion being analyzed; which may be stirred by a fine stream 
of air bubbles. *Gilmont, R., Anal. Chem, 20, 1109 (1948) 


now it's b 


etter than ever! 


ILMONL 


Eliminates NERVE-RACKING Titration 


Completely redesigned, this new version of the Gilmont 
Ultra-Microburet provides vastly improved means of 
achieving rapid titration. It accomplishes this with 
complete elimination of time consuming and _ nerve- 
racking manipulation. 


This altogether improved Ultra-Microburet is now so 
simple to operate that it is actually easier to use than 
the ordinary buret of the analytical laboratory, besides 
being capable of a higher degree of precision. 


5 
price list 

G 15391 A Uitra-Microburet, Gilmont, Capacity 1.0 mi. in .001 mi. 
divisions Each $64.50 
G 15391 B Same as G 15391 A but Capacity 0.1 mi. in .0001 mi. 
divisions Each $64.50 
G 15391 C Same as G 15391 A but Capacity .01 mi. in .00001 mi. 
divisions Each 


& 15382 Attachments (complete set including 3 clamps, test tube 
aren. bubbling tube support, bubbling tube, milk glass, rubber 
bulb and pinchclamp) Each $16.50 


Accuracy: within 0.1% of capacity. Constructed of corrosion resistant ma- 
terials. Delivered filled with mercury ready for operation with instructions. 


The EMUIL.GREINER Ce. 


20-26 N. MOORE STREET NEW YORK 13, N.Y. 
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Ie you are a professor or teacher of chem- 
istry, this big, 17 x 22 inch, plastic-coated 
S&S Filtration Chart belongs on your 
laboratory wall. 


School and university laboratories have 
long been familiar with ‘standardized, 
high-quality S&S Analytical Filter Papers. 

Now, here is complete data on the rela- 


tive retention values of S&S Analytical 
Filter Papers, and other brands, which 
shows at a glance the paper to use for 
a given analysis. 


To get your free, classroom-size S&S 
Filtration Chart, information about note- 
book-size reprints for your students, sim- 
ply address, on your letterhead: Dept. J-2. 


Carl Schleicher & Schuell Co. 


KEENE, NEW HAMPSHIRE 


Please mention CHEMICAL EDUCATION when writing to advertisers 


HIGH QUALITY AMERICAN FILTER PAPERS 


CHEMISTRY PROFESSORS! 
ASH-LOW E 
Q prspERSIONS ( ‘See Bulletin 75) 
ULTRA ALS ond 576 
with 
589 Blue Ribbon Siwer Halides 
v sof 
than FINE CRYSTALS 597-497 
9 Barium ‘solutions 
Phosphorel 
Ammonium 477 
connse ORYSTALS 598 
| 
| 
604-404 
589 Block Ribbon | 
arinous preciPITATES 
| Sie eid 
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BALANCE WEIGHTS 
Accurate but inexpensive 


Well within Class “C” tolerances. 
weights of polished, lacquered brass; frac- 
tionals of aluminum. Set ranges from 10 
mg. to 50 grams. Total weight 101 grams. 
In clear-view plastic case, with forceps. 

SOOT... 


SAFETY CAN 
For inflammable liquids 


Heavy gauge metal with 
red enamel finish. Non- 
rusting spring holds 
spout tight preventing 
leakage or evaporation 
yet allows escape of ex- 
cess gas—automatically 
closes when pressure is 
reduced. 


STAINLESS STEEL 
SPONGE 
Will not rust or splinter 


Actually brightens with use—cleans quickly 
and easily, yet is soft to the touch. A useful 
lab helper—for cleaning stainless steel 
utensils, Pp , etc. Supplied in indi- 
vidual envelopes. 

BOTS... 


LABORATORY 
STOOL 
With automatic 
adjustment 


Adjustable to any 
height from 18” to 27” 
by merely lifting the 
concave shaped seat. 
Holds firmly wherever 
it’s put. Shaft and seat 
are steel with a 16” 
cast iron base. Finished 
in neutral grey. 

25401........$11.40 


«++ AND A CUSHION FOR 

GREATER COMFORT 

Koroseal covered foam rubber cushion with 
a skirt to fasten to stool top. The resilient, 
non-matting foam rubber pad provides a 
comfortable seat especially he long periods. 
Color, black. 


SUGGESTIONS for your fall term order 


A helpful selection of laboratory aids 
to include on your list 


Many are brand new—so new they’re 
not listed in our current Catalog 6. 
Others are standard aids you won’t 
want to forget—all are selected for 
their practical application in educa- 
tional laboratories. 


Delivery when you want it—You can 
avoid last-minute rush—and be sure 
of getting your needs in time—if you 
ORDER NOW. 

We'll assemble your complete an- 
nual order at once, to be shipped and 
billed when you say so. Or, if you 
prefer, we'll ship the complete order 
promptly and bill on the fall date you 
specify. 


One order does it—You can obtain 


For extra long service 


Made of 18-8 stainless steel. Functional 
design with convenient pouring lip. Double 
scale embossed graduations (oz. and cc.) 
for easy measurement. 


4241T 
Size S5oz. I6o0z. 2402. 32 
Each $1.90 $2.10 $3.10 $4.10 $4.50 


PLASTIC FUNNELS, BEAKERS 
Unbreakable Polyethylene 


Lightweight. Chemically inert to most 
acids and alkalies. Withstand temperatures 
up to 160° F. Useful for work. involving the 
halogens. 


14149T 
Funnels 


your entire needs of apparatus, sup- 
plies and chemicals—with one order 
to your nearest WILL office-ware- 
house. All 5 of them stock over 12,000 
items—the products of more than 900 
leading manufacturers. Included are 
all the standard items used in educa- 
tional laboratories—and the very lat- 
est developments as well. Every one 
carries the unqualified WILL guaran- 
tee of complete satisfaction. 


Do it now—Get a headstart on this 
annual buying chore. Send WILL your 
complete list of requirements. And, 
if you want additional information, 
specifications or prices—your request 
will be handled promptly. 


ANTIFOAM A SPRAY 
Silicone foam killer 


(Dow-Corning.) This proven 
defoamer produces a very fine 
dispersion or mist that readily 
breaks foam of practically any 
type. Freon carrier for the Anti- 
foam in bomb evaporates im- 
mediately to eliminate contami- 
nation. Has proved successful in 
wide range of applications. 
25674T Convenient 6-oz. 
Aerosol Bomb..... $2.50 


POLYETHYLENE TUBING 
Tough ... flexible ... inert 


Odorless, tasteless, nontoxic and chemi- 
cally inert—even in presence of highly cor- 
rosive reagents such as NaOH, hydrofluoric 
and sulfuric acids, Withstands flexing almost 
indefinitely. Easily attached to, and removed 
from, glass tubing. Wall thickness, ;”. 
23525T 


Per foot $.21 | $.28 | $.32 | $.38 | $.46 
Per 100 ft. | $17. | $22. | $25. | $32. | $40. 


HEADQUARTERS FOR EDUCATIONAL 
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3” $2.10 $21.00 
4” 4.10 41.00 
6” 6.40 64.00 
tose 4249T 250 mi. 1.65 16.50 
Beakers 400ml. 2.25 22.50 
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EXTRA HEAVY 

SCREW COMPRESSOR 
For large or heavy 

wall tubing 

Recommended for use with 

large diameter or heavy ni- 

trometer or pressure tubing. 

Size ofo ening. wide, 


30mm. high. Made of brass 
throughout, nickel-plated. 
8796...........-$1.85 each 
$17.76 doz. 
ATLAS 
FUNNEL 
CLAMP 
Simple, 
inexpensive, 


convenient 629) 


Converts the filtrate container into a funnel 
support, accommodates funnels up to 6 
inches in diameter, and eliminates the need 
of long- stem funnels. 

Fits over the rim of beakers, graduates, or 
similar receptacles allowing insertion of the 
funnel stem at an angle to bring the point of 
the funnel stem against the inside of the 
container. The wire is heavily coated with 
pure rubber to resist corrosion and to elim- 
inate scratching glassware. 

2.70 doz. 28.80 gross 


VARNITON LABEL VARNISH 
Effective protective coating 


Fast-drying, proof 
water, oils, 

cohol; resists di- 
lute acids, alkalis 
and acid fumes, 
produces hard, 
transparent, lossy 
surface on labels. 
General protective 
coating for metal, 
wood, glass, pa 

s leaks at joints 

of vacuum appara- 
tus. 2 oz. dispens- 
ing bottle with cap 17346 
brush supplied 8oz. 


with each can. can can 
Each $1.00 $1.50 


INSTRUMENT BRUSH 
Cleans by radio-activity 


(Static Master) Cleans bal- 
ances, microscopes, film and 
optical apparatus. Removes 
ust by destroying static sur- 
face attraction. Utilizes harm- 
less radio-active Poilonium. 
vpereneeed for 1 year. Width 


LABLINE 
COLUMN CLAMPS 
For quick, easy 
adjustment 


(Varigrip) Stainless steel. Flexible band 
with worm-drive thumbscrew adjustment, 
easily holds cylinders from 244” to 642” O.D. 


8721T 
Size: 2 to 32” 3% to 4/2" 4% to 52” 5/2 to 62” 
Each: $3.50 $3.75 $4.00 $4.25 


LABLINE TUBING MANIPULATOR 
For handling glass tubing safely 


Eliminates the oldest accident hazard in the 
laboratory, inserting glass tubing into cork 
or rubber stoppers. Holds common sizes of 
tubing firmly but gently. Even if tubing 
breaks, the operator is protected. Ideal for 
breaking tubing safely. Of long-life Neo- 
prene. 

(Box of 2)... 


LABORATORY CART 
Saves miles of walking 


Stainless steel. 
Easy to maneuver. 
Has free-wheel- 
ing Casters. 
Shelves insulated 
against noise. 
easures 1542” x 
24”. Size over-all, 
31%". Carrying 
capacity, 200 Ibs. 
7758T...$28.50 
7756T...$54.40 
(With larger shelf 
space, 17/2” x 27”.) 


FIRE 
EXTINGUISHERS 
Low-cost protection 


Packed two to a box. 
Each throws an 18-ft. 
stream of carbon 
tetrachloride. Guar- 
anteed for five years. Wall bracket for 
easy mounting. Size 8” x 3” dia. 


SCRIPTO PENCILS 

Won't soil lab jackets 

For marking glass, beakers, flasks, 

etc. Propels, repels by turn of top. 

No need to sharpen or “peel.” No 

soning pockets. clip. Long 


thick leads 2%” x 
21063T Sere 

marking, red or blue...$ .29 
210647 Extra leads for above, 

box of 4 sticks....... 
21068T Scripto pencil, glass 

marking, heot 

red, black........+++ 
21069T Extra | heat resist- 

ant, box of 4 coon 


NEOTEX MATTING 
Protects glassware, instruments 


Long lasting, open mesh matting of 
ont Neoprene for sinks, drain- 
ards, shelves. Pre- 
vents breakage. Re- 
uces noise. Resists 
acids and chemicals. 
Easily cleaned and 
sterilized. Color, 
thick, %” 


4 
openings. Width 27”, 
(2335 


green. 


<i 


per 50 ft 


KOROSEAL CORRUGATED MATTING 
Prevents slipping, protects floors 


Durable and easy to clean, this floor covering 
lies flat, conforms to irregular surfaces. Pre- 
vents accidents. Will not become sticky or 
tacky from heat; waterproof and scuff resist- 
ant. Cannot be harmed by most solvents or 
chemicals. 4%” thick, 36” wide. 


134117 per box of two.........$9.95 


23352T per running yard..... 
10% discount on 10 yards or more. 


POLYETHYLENE BOTTLES For over thirty years 


Lightweight, flexible specialists 
ie in supplying 
- These polyethylene bottles have exceptional inert t d P 
and many alkalis, organic aad acts educational 
st including hydrofluoric, sulfuric, and sodium hydroxide. Screw cap 4 
4 is molded polyethylene. laboratories 


$ $ 42 $ $ 90 $1.95 Order from your nearest WILL office- 


warehouse. 


2 gol. 
1 Wor. 32 
0. Per $4.54 $572 $7:32 $9.72 $18.00 WILL CORPORATION... . . .Rochester 3, 
WILL CORPORATION..... New York 12, N. ss a 


WILL CORPORATION of Md.. Baltimore 1, Md. 1 
SOUTHERN SCIENTIFIC CO., INC. . Atlanta 1, Ga. 
BUFFALO APPARATUS CORP. . Buffalo 5, N.Y 


AL | LABORATORY APPARATUS, SUPPLIES and CHEMICALS 
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Sargent 
Model V 


A very sensitive, stable measuring instrument for chemical 
analytical procedures, based on the electrical properties 
of the substances to be identified, differentiated or deter- 
mined. Opens a new broad field for the development of 
analytical methods and control procedures. 

Readings are made in scale units having the dimensions 
of capacitance, and are proportional to that capacitance 
which is equivalent to the effect of the sample on the LC 
ratio of an oscillator. 

In its measurement of characteristics, it recognizes 
resistivity, electrical moments of the molecule and all 
factors contributing to the dielectric constant. 

Unlike prior electrometric instruments for chemical 
purposes, the Oscillometer operates with the samples 
isolated in glass cells, having no structural connection 
of any kind with electrical circuits, and so precludes any 
possibility of electrolytic alteration of sample composi- 
tion and of contamination by diffusion effects or metallic 
solubilities. 

In terms of dielectric constant as applied to the 
measurement of non-aqueous substances, the sensitivity 
and reproducibility of the Sargent Chemical Oscillometer 
averages about 1/300 (one three-hundredth) of a dielectric 
constant unit, when using full range cells. Stated other- 


SARGENT 


OSCILLOMETER 


CHEMICAL 


wise, the range of dielectric measurement from air to 
water corresponds with a scale range in the oscillometer 
of roughly twenty-four thousand units, reproduceable 
within approximately one such scale unit, insofar as 
instrumental characteristics are concerned. 

In application to electrolytes, as in titrations normally 
considered conductimetric or potentiometric, the sensi- 
tivity of end point indication is best in the lower range 
of common conductivities but is excellent in reactions of 
strong acids and bases as well, provided the reaction 
medium can be held to a maximum concentration in the 
order of magnitude of 1/100 normal. 

The detection of water in non-aqueous media is ex- 
tremely sharp and indicates direct procedures in many 
instances. 

Total working scale range is thirty-two thousand scale 
units, applied by a multiple-turn dial and additive range 
switches. Internal range checking standards are incorpo- 
rated. The frequency is five megacycles. 

Estimated inherent instrumental precision, 1/10%. 

Small and large cells are supplied, one for samples from 
5 to 12 ml and the other for titrations. The titration cell 
accommodates a glass stirrer operating continuously with- 
out prejudice to the accuracy of measurements. 
$-29180 SARGENT CHEMICAL OSCILLOMETER, 
with two interchangeable cell holders and cells. Available 


NEW SARGENT CATALOG 


NOW AVAILABLE 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS - SUPPLIES » CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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for greater accuracy... specify 


Successful laboratory procedure relies 
heavily upon apparatus of high accu- 
ney and perfect legibility. It is for this 
tason above all others that so many 
hboratories now specify Kimble Exax 
when ordering laboratory glassware. 


iThe finest raw materials . . . superior 
production techniques . . . and crafts- 


manship of the highest degreeicombine 
to produce Kimble Exax quality. 

To assure easy readings and lifetime 
legibility, the markings of every piece 
of Kimble Exax glassware are etched, 
and the filler fused in permanently. 
Because the markings are permanent, 
accurate readings can always be made. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


KIMBLE EXAX RETESTED Flask No. 28015; 
Cylinder No. 20030; Buretti No. 17030. 


Retested Exax 
wetested_ EXAX 


To assure accuracy, each and every 
piece of Kimble Exax glassware is 
individually retested before it leaves the 
factory. When you take readings from 


‘Kimble Exax, you can be sure. 


Why not see your Kimble Laboratory 
Supply Dealer about Kimble glassware 
for your laboratory? Call him today. * 


KIMBLE GLASS COMPANY 


Toledo 1, Ohio—Subsidiary of Owens-Illinois Glass Company 
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OLEMAN Do more work 


than any other 


and more laboratories use Coleman instruments than any 
other for precision and efficiency in chemical analysis 


PRECISION—INCREASED BY SIMPLIFIED OPERATION 


1. Coleman Spectrophotometers are 
easier to use because they require less 
manipulation, thus allow less chance for 
error, save time, and cut costs. 


EFFICIENCY—PROVED BY OFFICIAL RECOGNITION 
2. Accepted and used as the standard ——— ad 
instrument of the Armed Services medi- For full data write for Bulletin B-211. 


cal laboratories throughout the world 
because of their precision, convenience, 
and absolute reliability. 


MORE WORK AT LOWER COST 


3. Coleman Spectrophotometers contain 


no prisms, no vacuum tubes, no delicate 
mechanical parts. That means more 
simple operation, more dependable serv- 
ice, more accuracy, and less maintenance. 
UNIVERSAL SPECTROPHOTOMETER. Model 14. 
A multi-purpose instrument for Spectrochemistry, 
Photofluorometry, Nephelometry and for Spectro 
a and Electro titrations. 
Write Dept. B For full data write for Bulletin B-212. 
COLEMAN INSTRUMENTS, INC. marwoop, 
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0 HEAVY GAUGE 


Stainless Steel BEAKERS 


Made Exclusively by LaPine 


have outstanding advantages 


Designed and proportioned to give the most func- 
tional service W ity and appearance, 
Lanco Stainless rthur S. 
La Pine & Company, 
18-8 stainless steel, which is highly rests 
acids and chemicals. They oF 
sure of strength to resist deformation even with excep- 
tionally hard use. Once in use in the laboratory they 
prove quickly their superior quelity and economy. Ma e 
in 7 sizes from 125 milliliters to 4000 milliliters. 
No. CE 21-43 Stainless Steel Beakers with Pourout Spout 
Doz. Lots 


Depth in. Each Each 
2-1/2 $1.55 $1.40 
3-5/8 2.10 1.90 
4-3/4 2.75 

3.40 3.05 


4.20 3.80 
4.75 4.25 


5.45 4.90 


Approx. wt. in. 
125 ml 66 gm 2 
250 ml 126 gm 2-1/2 
600 ml 242 gm 3-5/16 
1200 ml 325 gm 4-1/16 5-5/8 
2000 ml 446 gm 5-1/16 6-1/4 
3000 ml 586. gm 5-7/8 6-7/8 
7-7/8 


691 gm 6-1/2 
(GRIFFIN LOW FORM) 


RUGGED 
Won't Break 


TOUGH 
Won't Crush 


B 
EAKERS vs GRADUATES 


LANCO Heavy G 
larly offered y Gauge Stainless Steel BE 
POUROUT SPO “~ lighter gau AKERS are not t 
Easy con” exclusive La Pine dies, a LANCO a confused with regu- 
alone in their design and 
ional qualities. 


Stain 
Steel Graduates (tapered) 
graduated, steel, these vol 
BUT laboratory pur containers are satisfacto — ae 
1ON No Bumping to 1000 ml poses. Available in 5 sizes td or some =| NEW 
or Settling Out rom 125ml L 
lo. CE 192- A 
Stainless Steel on ¢ PINE 
Approx. Wt atalog now 
mi ach Do availa 
A V 105 om 22.68 
apered) Design ml 169 gm pee 44.28 etterhead 
48.60 


eee = CHEMICALS= 


ARTHUR S. LaPINE and COMPANY 
6001 S. KNOX AVE,, CHICAGO 29, ILL 


LABOR 
ATORY SUPPLIES - EQUIPMENT 


Please mentio 
1tion CHEMI! 
CAL EDUCATION when writing to adverti 
isers 
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Conqueror of the Cations... 


MOLE-FOR-MOLE CONTROL 

Control of foreign metallic ions in chemical 
formulations and processes is very new. 
Versene’s mole-for-mole control of metal 
ions gives it extreme precision and makesits 
application simple. 1500 Grams (one mole) 
of liquid Versene (Regular) will chelate 
(complex) one mole of metallic ions. Versene 
chelates any di- or tri-valent metallic 
ion efficiently and economically. What’s 
more, it is completely stable at elevated 
temperatures throughout the pH range. 
PREFERENTIAL CHELATION 

When Versene is added to a mixture of 
various metallic ions one metal will be com- 
plexed before another. After the first is ex- 
hausted the second will be chelated and the 
process will continue until either metallic 
ions or Versene are consumed. There are 


*Trade Mark Registered 
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seven Versenes and all of them have selec- 
tivity of complexing power. Some, however, 
are much more aggressive toward certain 
metals under special conditions than others. 


THE VERSENES* ARE VERSATILE 

When you want to conquer foreign metallic 
ions in solution — investigate all of the 
Versenes. Made only by the Bersworth 
Chemical Company, under processes orig- 
inated, developed and patented by F. C. 
Bersworth, they are unduplicated in qual- 
ity and uniformity of complexing power. 
Whatever your problem in chelation may 
be, our quarter-century of pioneering the 
polyamines can help you. Technical Bulle- 
tin #2, samples and competent chemical 
counsel available on request and without 
obligation. 


BERSWORTH CHEMICAL CO. 


FRAMINGHAM, MASSACHUSETTS 


JOURNAL OF CHEMICAL EDUCATION, MAY, 1953 


Plex 


CHACOONa 
- 
| 
~ 
9 


® 
Versene CHELANTS for HEAVY METALS 


mental purposes. 


quantities. 


Under formulas originated and developed by F. C. Bersworth, the Bersworth Chemical Company 
manufactures a series of chelating agents (chelants) whose complexing power is effective in varying 
degrees for heavy metal ions. Versene-NTA is now available in experimental quantities for experi- 
Versene Fe-3 Specific and Versene-EDG are available in commercial 
We are glad to define them and their properties as shown: 


VERSENE-NTA 


This is nitrilotriaceticacid. Its chemical structure is 
represented as follows: 


HOOC-CH,\. 
N-CH,COOH 
HOOC-CH, / 


Versene-NTA salts effectively chelate heavy metals 
and alkaline earth ions. But its complexing power 
compared to Versene itself is considerably less. 
Although it complexes trivalent iron in acid solu- 
tions, extensive hydrolysis of the metal chelate 
greatly reduces its effectiveness in alkaline media. 
Stability constant data shows that preferential 
chelation is similar to that of Versene and takes 
place in the following manner: Cu+?>Ni*?>Pb*?> 


VERSENE-EDG 


This is the disodium salt of N-8-hydroxyethylimino- 
diaceticacid. Its chemical structure is as follows: 


/CH,COONa 
HOCH.CH.N 
\ CH,COONa 


Except for the ferric chelates, this amino acid forms 
complexes with acid-to-metal ratios of 1:1 and 2:1 
in the presence of heavy divalent metal ions but their 
stabilities are slightly lower than those formed with 
Versene-NTA. Yet, the general order of stabilities is 
the same. Actually, Versene-EDG is a weak chelant 
for the alkaline earth metals. In the presence of ferric 
ions it forms chelates having the empirical formula 
FeA and FeeAs. 


The ferric-Versene-EDG chelates are subject to some 
hydrolysis but are considerably more stable than 


those of Versene-NTA or Versene regular. This 
means that Versene-EDG is an effective chelating agent 
for iron in alkaline solution. At pH’s below 10 it is a 
more effective chelating agent for ferric iron than 
Versene Fe-3 Specific. Above pH 10 Versene Fe3 
Specific is more effective. 


VERSENE Fe-3 SPECIFIC 


This is the sodium salt of N, N-Dihydroxethylamino- 
acetic acid. 


HOCH.CH,\. 
N-CH,COONa 
HOCH,CH,,/ 


Versene Fe-3 Specific is specifically for chelating 
trivalent iron in alkaline solutions. It complexes 
other heavy metal ions but not as well as Versene- 
NTA or Versene-EDG. Nor does it chelate calcium 
or magnesium to any great degree. 


Versene Fe-3 Specific forms complexes having acid- 
to-metal ratios of 1:1 (FeA) and 3:2 (FeA;) chelates 
in the presence of ferric iron. These are stable against 
hydrolysis even in strongly caustic solutions (pH 
13). It is the most efficient of the Versenes for iron 
chelation at measureable pH’s above 10. 


Because these new chelants make possible the con- 
trol of metal ions at various levels of activity, they 
are invaluable tools of research. They should aid in 
the separation of metals, in the purification of alka- 
line earth metals, in the purification of fats, oils and 
other organic chemicals and also in inhibiting the 
activity of pro-oxidant metals. All are worthy of in- 
vestigation. Samples of Versene-NTA, Versene-EDG 
Acid and Versene-EDG Sodium Salt (commercial 
grade) as well as Versene Fe3 Specific are available 
on request. Write Dept. L. 


Copyright 1953 Bersworth Chemical Co. 


BERSWORTH CHEMICAL CO. 


FRAMINGHAM, MASSACHUSETTS 
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Textbook of Qualitative Inorganic Analysis / 


revised edition 


by I. M. Kolthoff & E. B. Sandell 


Barr 
@ a thorough treatment of the fundamental principles upon which Wi 
the subject rests 
@ an outline of the most important classical procedures 
@ a comprehensive discussion of the apparatus, reagents, and prac- Bow 
tical techniques employed in analysis We 


@ a valuable key to the literature of analytical chemistry 


Published 1952 759 pages Price: $6.50 


College Chemistry—A Systematic Approach Bro 
by H. H. Sisler, C. A. VanderWerf & A. W. Davidson 


This new book is designed to present a sound, balanced foundation in 
General Chemistry with emphasis on the structural basis of matter. Rela- Car 
tion of properties to structure is presented with such emphasis and clarity Th 
that the properties of the elements and their compounds become simply a 
predictable consequence of their atomic, molecular, and ionic structures. 


A briefer version of the larger book, General Chemistry—A Systematic 


Approach, this text follows the same philosophy. In order to comply with Fin 
the requests of teachers who wish a shorter treatment, the authors have re- 
moved much of the historical material, have condensed the descriptive 
material by about thirty percent, and have treated theoretical sections some- 
what less rigorously. The 


Ready in May 


60 FIFTH AVENUE, NEW YORK 11, N. Y. 
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tt & ADVANCED TEXTBOOK ON INORGANIC 
‘Wilton CHEMISTRY 


By E. de B. Barnett, University of London, and C. L. Wilson, Queen’s 
University, Belfast. April 1953. 512 pp. 10 by 64%”. 32 figs. Theory 
and practical details. $7.00. 


Bowen & FLUORESCENCE OF SOLUTIONS 


Wokes By E. J. Bowen, Oxford University, and F. Wokes, Secretary of the Vitamin 
Commission of the Federation Internationale Pharmaceutique and Chair- 
man of the Photoelectric Spectroscopy Group. Ready, June 1953. About 
96 pp. 8% by 5%”. Plates. Apparatus, absorption and emission of 
light, factors influencing fluorescence, excitation, kinetics of quenching, 
identification, accurate measurement of small concentrations, interpretation 
of results. About $4.25. 


Brown A SIMPLE GUIDE TO MODERN VALENCY THEORY 


By G. I. Brown, Eton College. Ready, May 1953. About 176 pp. 
7% by 5%”. Figs. Atomic structure, extra-nuclear electrons, electro- 
valent, covalent and dative bonds, internal dimensions of crystals and 
molecules, resonating molecules, the hydrogen bond. About $2.50. 


Carter & BIOCHEMISTRY IN RELATION TO MEDICINE 


Thompson By C. W. Carter, Oxford University, and R. H. S. Thompson, Guy’s 
Hospital Medical School. Second Edition. March 1953. 524 pp. 8% by 
5%". 36 figs. Absorption spectra plate in color. $6.00. 


Findlay INTRODUCTION TO PHYSICAL CHEMISTRY 


By Alexander Findlay, formerly of the University of Aberdeen. Third 
Edition, revised by H. W. Melville, University of Birmingham. March 
1953. 592pp. 8% by5%”. 155 figs. Problems and answers. $5.50. 


Thorpe DICTIONARY OF APPLIED CHEMISTRY 


Fourth Edition; Sir lan Heilbron, Chairman of Editorial Board. Volumes 
I to X, published, each $20.00. Vol. XI, Soil-Zymurgy, ready June 1953. 
About $20.00. Vol. XII, Cumulative Index, ready June or July, 1953. 


Green and Co., Tue. 


= 55 FIFTH AVENUE NEW YORK 3, N. Y. 
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MAISCH 


@ Variable Capacities— 
0 to 3.2 gal/min. 


@ Fixed capacity units 
-175 to 4.8 gal/min. 


@ Sterilizable by steam 
autoclaving. 


@ Made of non-pyrogenic 
materials. 


@ Pump instantly 
detachable. 


@ Easily disassembled 
for cleaning. 


Non-pulsating positive 
displacement. 


@ Self-lubricating oilless 
bearings. 


Automatic volumetric 
dispensing controls 


available. 
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A New High in 
Metering Efficiency 


These pumps are designed and built for those requiring the utmost in accuracy 
and dependability in the metering of small volumes of liquid. They provide 
for precision control in the dispensing of hot or cold viscous or non-viscous 
liquids such as soaps, oils, perfume, liquid fat, wax, glue, beverages, fruit 
juices and numerous chemicals. And they have been found equally valuable 
for the control of biological fluids and other sterile solutions. 


The flow of the Maisch Pump is continuous, smooth and non-pulsating. 
Variable speed is instantly adjustable to the exact amount desired from 
zero/ml sec to the maximum capacity of the pump. The simple design permits 
easy disassembly for cleaning and sterilizing. 


Materials used in Maisch Pumps are non-pyrogenic and remain sterile 
while dispensing sterile liquids. They resist corrosion and chemical reaction 
of most liquids and do not contaminate or otherwise affect the quality and 
flavor of beverages. 


Maisch Pumps are available in a wide variety of types and capacities 
ranging from zero to 4.8 gallons per minute. Write today for complete 
details and prices. 


+ + + one dependable source of 
supply for everything you need in 

ies. Uver lems 
a branch offices and ware- 
houses. 


CENTRAL SCIENTIFIC COMPANY 
1700 IRVING PARK ROAD © CHICAGO 13, ILLINOIS 
CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO 
SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 


REFINERY SUPPLY COMPANY 
621 EAST FOURTH STREET © TULSA 3,OKLAHOMA 
2215 MeKINNEY AVENUE © HOUSTON 3, TEXAS 
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IT’S 
STANDARD 
PROCEDURE 

to make 


STANDARD 


Your Source 
of Supply 


ROTOSTIR 


JUST LIKE HAND-STIRRING 
. BUT BETTER! 


1—The only stirrer which uses simply a 
straight piece of glass or metal rod— 
complicated paddles, propellers, etc. 
are unnecessary. 


9—The only stirrer which permits opera- 
tion in sealed systems and at the same 
time leaves the flask bottom unen- 
cumbered and free for flask heating 
purposes. It is ideal for use in 
vacuum distillations, reflux reactions, 
catalytic hydrogenations, moisture 
determinations, etc. 


3—The only stirrer placed on the market 
for many years past, utilizing a new 
and novel operating action—the 
eccentric drive. 


4—The only simple laboratory stirrer 
adequate for the agitation of viscous 
liquids and still thoroughly efficient 
for fluid liquids and two-phase mix- 
ing operations. 


5—The only stirrer that utilizes the 
entire submerged area of the stirring 
rod in the mixing or stirring operation. 


No. 93690—Complete, with one ec- 
centric driving disk, one aluminum collar 
and one each sizes 6, 7, 8 and 9 machined 


STANDARD’S SPECIALS of the MONTH! 
Keeping Pace with your Laboratory Needs! 


STANDARD 


LABORATORY 
CART 


Real Labor-Saver” 


STAINLESS STEEL CON- 
STRUCTIO N—AIll-stain- 
less steel products clean 
instantly and stay gleaming 
bright. Design is attractive 
and modern. 


RUGGED DESIGN — 
engineered for 
ears of service and satis- 

faction. Modern electronic 
welding assembly methods 
insure maximum rigidity. 
All comers and edges 
rounded smooth. 
edges double folded for 
extra strength. 


NOISEPROOF TREATED—AII shelves have insulating sound 


TYGON “Y” FITTINGS 


For Multiple Tubing Connections and Branching Lines 


Molded i in one piece—no seams * Non-toxic—non-contaminat- 
ing * Does away with glass or metal inserts * Tough, flexible, 
easy to use * Makes the line ALL TYGON ®* No flow restriction 


EACH ACH 
No. 87205 (Lots of 5 | (In Lots of 
| or Less) 10) 
346” | $ .65 $ .55 
LD. 65 ss 
36” 1D. 60 
19” 1.D. .80 10 
59” LD. 95 | 
34” LD. 1.30 1.200 
” 1.80 1.70 
144” LD. 2.50 2.40 


deadener. Greatly reduces rattle and clatter of objects placed on 
shelves. 

No. 84975 No. 84976 
Size of Top and Shelves 1514” x 24” 17%” x 27” 
Height of Surface of Top 30/9” 314%” 
Over-All Dimensions 151%—” x 27" x 1714” x 30” x 321%” 
Solid Stainless Steel in Top 22 Gage 20 Gage 
Solid Stainless = in Upri 20 Gage Gage 
Carrying Capaci Pounds 200 Pounds 
Shipping 28 Pounds 35 Pounds 

3” Dia. 3” Dia. 

Price, each $28.50 $35.00 


FLASK 
HEATER 


Features and Specifications 


© Designed for heating both beakers and round bottom 


flasks © Transite top protects glass or non-metallic 

flasks © Bevel inner provides | Easy 

to install ¢ Clearance hole in boss ” laboratory 

rod with sturdy Rugged 
ion 


SIZE—Top diameter 41”, with beveled 3” opening on inner edge. Height 2”. 
CURRENT—450 watts at 115 volts AC. 
FINISH—Body is attracti g stainless steel. 


, and 
a foot Underwriters’ Leboratories approved asbestos covered 
cord and plug 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street e New York 12, N. Y. 


LABORATORY APPARATUS — REAGENTS AND CHEMICALS 
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SODIUM 
BICARBONATE 


NaHCO, 


REAGENT 


he OO wemicat 


tailored 
bottles 


(Available in 1 Ib. and many %4 Ib. sizes, ex 
MALLINCKRODT CHEMICAL WORKS 
CHICAGO + CINCINNATI CLEVELAND « LOSANGELES PHILADELPHIA. 
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In h d 


| HELLIGE CliniCol 4 Pre-Calibrated for 66 Clinical Tests 


R q The Hellige “CliniCol” is indispensable to the modern hos 
pital, institution, clinical laboratory, and physician for rapid 

; a bio-chemical analysis. This photoelectric colorimeter permits 
determinations to be made in the most advanced, most 
objective scientific manner . . . completely independent of 
comparison standards, light conditions and personal judg- 
ment. In fact, the simple 3-step operating procedure enables 
anyone, even without previous training, to make accurate 
and rapid determinations. 


The handbook furnished with the instrument contains all 66 
clinical tests in easy to understand language carefully 
prepared by experts. 


H-14153. Complete with handbook, spare lamp, 3 square 13mm light path 
absorption tubes, volume control pipette for hemoglobin and red blood 
cell count, plastic cover and instruction manual. For operation on 115 volts, 
60 cycles, 


(Pre-calibrated instruments with handbooks are also available for 90 tests 
at $274.00 and for43 tests at $189.00. 


HELLIGE Chromatron order 


from 


COLORIMETER AND HARSHAW 
TURBIDIMETER SciENTIFIC 


for Chemical Analysis, Process Control, etc. 


The Hellige “Chromatron” is designed for accurate and rapid 

th f H-14150. Hellige Chromatron 
determinations based on the measurement photoelectrically of 
the color or turbidity of a liquid. The Chromatron can be cali- roger i oe 
brated easily and quickly for any of the hundreds of standard internal dise with eight filters, ope 
analytical methods published by such authorities as the A.S.T.M, 13mm hod 
the A.P.H.A., the A.W.W.A., etc. To use the instrument, a tube 
containing water is inserted and the meter set to 100. The tube 
is replaced with another containing the solution being tested and ee ; 
the percent of transmission is noted. Then the results are obtained 


directly from a calibrated graph. 


HARSHAW SCIENTIFIC 


| DIVISION OF THE HARSHAW CHEMICAL CO. & 
: CLEVELAND 6, OHIO 
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Polyethylene Ware 


Shock-proof—inert—low specific gravity 
—non-brittle containers for chemicals 


Funnels, bottles, jars, beakers, and tubing now available 


The physical and chemical characteristics of 
polyethylene laboratory ware make this equip- 
ment especially useful in handling, storing, and 
transporting corrosive liquids and solids. Poly- 
ethylene is shockproof and non-brittle—practi- 
cally unbreakable. Another important property 
of this material is its chemical inertness. Poly- 
ethylene is completely resistant to attack by 
sulfuric, nitric, hydrofluoric and hydrochloric 
acids ... to aniline, silver nitrate, zinc chloride, 
30% hydrogen peroxide ...to ammonium and 
sodium hydroxides, etc. In fact, polyethylene 
ware can be used safely with practically any 
acid or alkali and a great number of organic 


aloe scientific 


5655 Kingsbury St. Louis 12, Missouri 
LOS ANGELES ® SAN FRANCISCO * NEW ORLEANS ® KANSAS CITY ® MINNEAPOLIS ® ATLANTA ®© WASHINGTON, D. C. 


OF A. S$. ALOE COMPANY 


compounds. The advantages of chemically inert, 
easily cut, non-breakable polyethylene tubing 
are apparent. It is suitable for permanent instal- 
lations in multiple extraction assemblies, tem- 
perature regulating set-ups for refractometers, 
apparatus for distillation under reduced pressure, 
permanent refluxing equipment, and others. Be- 
cause of the low specific gravity (only 0.92), 
polyethylene containers are light in weight. This 
feature is often important in handling and trans- . 
ferring various solutions or chemicals. 

Write for Bulletin No. 12 giving 
full specifications and prices on 
beakers, bottles, funnels and tubing. 
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3 NEW chemistry texts SCIENCE BOOKS 


ready now for examination 


WERTHEIM’S ... NEW Practical Oiniiie Chemistry 


By EDGAR WERTHEIM, Ph.D., Professor of Chemistry, University of Arkansas. This manual is the SHORT VERSION 


of the author’s LABORATORY GUIDE FOR ORGANIC CHEMISTRY. It contains a selection of the 103 experiments in the 
widely adopted larger book and was made on the basis of a survey of organic chemistry courses throughout the country. As in 
the larger edition, this text was designed for students majoring in chemistry and for those following the engineering or premedical 
curriculum. The material included permits a variation of the program from year to year, or a division of activity among the 
students when desired. 8 x 10, Washable Binding; 383 Pages; 23 Illustrations Price: $3.00 


NEW... Bresecia’s 
General College Chemistry 
| By FRANK BRESCIA, Ph.D., Assistant Professor of Chemistry, 


City College of New York, and Chairman, Section of Physics and 
Chemistry of the New York Academy of Sciences for 1953. 


The approach differs 
from that of most 
other general chemis- 
tries, in that the chem- 


istry of the metals is The range of subjects presented makes GENERAL 
not presented from COLLEGE CHEMISTRY adaptable to the require- 
the standpoint of the ments of students preparing for various careers. In- 
periodic chart. In- cludes up-to-date industrial processes and production 
stead, the e-em s magnitudes. Full chapters devoted to nuclear chem- 
istry and colloidal chemistry. The large number of 
<Cuttaaematealeed illustrative examples help the student to overcome one 
of the great difficulties in freshman chemistry—chemical 


an understanding of 


Sees eet 581 Pages; 65 Tables; 125 Figures $6.00 


New... GERO’S Biological Chemistry 


(An Introduction to Biochemistry) by Alexander Gero, Ph.D. 


A biological chemistry to bridge the gap between the standard one-year college organic chemistry course and physiological chem- 
istry in medical school. In this new volume, Dr. Gero relates the subject of biological chemistry to organic chemistry, presenting 


| itin such a manner that it does not overlap into a medical program. Basic chemical principles as they apply to biochemistry are 


stressed, rather than the physiological applications. This book provides a foundation for Chemistry and Biology ae and 
Pre-Professional students. This excellent textbook also covers the following special topics: Physical Chemistry—Electronic 
Theory—Optical Activity—Heterocycles—Relation of Chemical Structure to Physiological Activity—Research Methods and 
Some Syntheses of Important Compounds. 380 Pages; Illustrated $5.00 


THE BLAKISTON COMPANY, INC. 


I 575 Madison Avenue 105 Bond Street 
New York 22, N. Y. Toronto 2, Canada 

} Please send me the following books: 

copies of Wertheim’s New PRACTICAL ORGANIC $3.00 
copies of Brescia’s New GENERAL COLLEGE CHEMISTRY $6.00 

i You SAVE Postage by Sending Check or Money Order 
: C] For 90-Day Teacher Examination* [] For Personal Use (C) Check or M.O. Enclosed 

On 10-Day Trial ( Charge 

j Send C.0.D. 

L * In case of class adoption, instructor is permitted to retain copy for desk use. JCE 5/53 
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DESICCATING CABINET 


An attractive and highly serviceable cabinet for 
use in metallurgical, chemical, industrial and 
clinical laboratories. The Desiccating Cabinet 
has been engineered to give the maximum in 
service, coupled with an attractive appearance and 
sturdy construction. 


Completely air-tight and moisture-proof, this piece 
of equipment is made of highly polished 18-8 stain- 
less steel, with three sides of *A6” glass securely 
cemented to the frame, providing full observation 
of contents. The ‘'seal-tight’’ door, which has a 
full-height hinge, is gasketed with pure gum rubber, 
while a double action bar-lock provides a positive 


seal and prevents warping. By the use of the 
manual relief valve, vacuum or pressure in the 
cabinet can be normalized before opening the door. 
Two asbestos shelves, 8” x 934”, each with twelve 
Ye" holes, are supplied in addition to a stainless 
steel desiccant tray, 8” x 9” x %”, with a capacity 
to hold approximately one pound of desiccant. 
Shelves are held in place by removable brackets 
with runners, which can be adjusted every 12”. 


Stacking and storing are easily achieved by the 
manner in which the pressed feet of the cabinet 
are aligned with indentations on the top surface. 


\ Listing 


No. 1340 DESICCATING CABINET, Stainless Steel. 


Inside measurements—12” High x 11%” 


Wide x 10” Deep. Outside measurements—12%” High x 12%” Wide x 12%" Deep. 


DISTRIBUTED THRU LABORATORY SUPPLY DEALERS 


PHILADELPHIA 6, PA. 
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KINNEY PUMP 


SPECIFICATIONS 


Free air displacement 2 cu. ft. per min. (57 liters 
per min.) 

Absolute pressures down to 0.2 micron or better. 
Compact: only 14-34” long x 10-34” wide 
x 13-1/4” high. 

Motor: '/, HP standard type. 


Weight: pump only, 31 Ibs.; complete unit, 
70 Ibs. 


6. 1.0 10 00 1000 
PRESSURE (MICRONS) 


Kinney Vacuum Pump Model CVM 3153 is specially designed 
for laboratory projects, industrial installations, refrigeration 
service applications, or wherever a very compact pump of fast 
pumping speed is required. This is not a vane-type pump. Model 
CVM 3153 employs the famous Kinney rotating plunger mecha- 
nism, which is oil-sealed and does not depend on metal-to-metal 
contact for its pumping efficiency. It operates quietly and 
efficiently for long periods of time virtually without maintenance 
or attention. It’s easy to service . . . no special tools are re- 
quired. 

Kinney Manufacturing Co. — os 
manufacturers of vacuum and liquid 
pumps. Boston, New York, Chicago, 
Detroit, Cleveland, Atlanta, Houston, 
New Orleans, Charleston (W. Va.), 
Philadelphia, Pittsburgh, Los 
Angeles, San Francisco, Seattle, and 
foreign countries. 
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SUBS, 
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SEND couPOoN 


KINNEY MANUFACTURING COMPANY 
3605 WASHINGTON STREET, BOSTON 30, MASS. 
Please send Bulletin SV-51 giving full details on Model CVM 3153. 


Name 


Company 


Street 


City State 
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LUDER, VERNON and ZUFFANTI 
GENERAL CHEMISTRY 


A new text for those who intend to take further courses in chemis- 
try. Following the current trend in Freshman courses, the emphasis of this new text is 
on the theoretical side. Students will find the authors’ exceptionally clear explanations 
of how theoretical concepts have been derived from experimental findings especially 
helpful. As a further aid to learning, a special summary precedes each chapter. The 
modern tone of the text is particularly notable in the discussions of theory of electro- 
lytic solutions and of the electronic theory of acids and bases. You will notice too 
that a greater amount of organic chemistry than usual is included, and that it appears 
earlier in the book than is usually the case. There are questions and problems at the 
end of each chapter; answers are supplied separately to the instructor. 


By W. F. LUDER, A.B., Ph.D., Professor of Chemistry, Northeastern University; ARTHUR A. VERNON, B.S., M.S., 
Ph.D., Chairman, Department of Chemistry, Northeastern University; SAVERIO ZUFFANTI, B.S., Ch.E., A.M., Profes- 
sor of Chemistry, Northeastern University. 550 pages, 614” x 514”, 210 illustrations. Ready in May. 


ROUTH 
20th CENTURY CHEMISTRY 


A new text for those who do not intend to take further chemistry. 
Because this new book is designed primarily for those who do not plan to take advanced 
work in chemistry, the author emphasizes the applications of the subject to everyday life, 
Organic chemistry and biochemistry are particularly stressed. The presentation is 
understandable—even to students who have never before had a course in science. The 
style is simple and clear. The illustrations are numerous, pointed, and dramatic. 
For example, a photograph of two fried eggs makes the discussion of the coagulation 
of albumin a part of students’ everyday experience. The orientation of the student to 
the new field of chemistry is especially thorough. The text gives a brief but complete 
history of the subject, discusses its many areas, emphasizes its importance, and suggests 
methods of study. 


By JOSEPH I. ROUTH, Ph.D., Professor of Biochemistry, State University of lowa. 560 pages, 6” x 8”, 286 illustrations. 
Ready in May 


W. B. SAUNDERS COMPANY 


West Washington Square, Philadelphia 5 


28 JOURNAL OF CHEMICAL EDUCATION, MAY, 1953 


x + 
ad 
ai 


TI 


ul 


1953 


Hermann Mohler 


(See page 228) 


A 
4 


Accurate - Economical - Serviceable 
TRIPLE-BEAM STAINLESS STEEL BALANCE 


for Weighing Chemicals, Measuring Specific Gravity and General Laboratory Use 


3 
BEAM SCALES 
visible at eye level 


COBALITE 
KNIFE EDGES 


Patent No. 1,872,465 
Covered 
AGATE BEARINGS 


Hammerloid 
Finished Base 


and Pillar 
CAPACITY SENSITIVITY 
111 g. (With extra weight 201 g.) 0.01 g. or less 
CORROSION-RESISTANT ! ONE-PIECE BEAM CONSTRUCTION! 


All exposed metal parts are stainless steel. A tough, No screws, rivets, or separate scales to become loose. 
tenacious, chip-proof, metallic lacquer is used on the Hard-to-clean crevices and cracks are eliminated. 
base and beam support. 


FUNCTIONALLY DESIGNED! RAPID ZERO SETTING! 


Scales are stepped upward front to rear for best eye- 


level visibility and to make weights convenient to ma- The usually tedious adjustment to zero is accomplished 


nipulate. The larger weights have sharp hanger edges almost instantly by means of a leveling screw. No more 
and their beams are deep-notched to insure that settings careless acceptance of a poor zero setting because of 
will be positive and accurate. the nuisance of correcting it! 


No. 4030 Triple-Beam Balance—Stainless Steel EACH $27.50 
Extra Weight $1.50 Additional 


WRITE FOR CIRCULAR 


WwW. WELCH SCIENTIFIC 


WELCH MANUFACTU 


STREET, DEPT. p 
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Mosr of us agree that the advantages of the metric 
system are great; we might be glad to see its popular 
adoption. . Dr. George B. Pegram, of Columbia Uni- 
versity, recently poinied out one thing about it, how- 
ever, which is interesting to consider. He says: 


The designers of the metric system applied their knowledge of 
Greek and Latin very cleverly to making a lot of long new 
words that explain themselves immediately to persons who have 
even a slight knowledge of etymology, but they sadly neglected 
to consider the practicable usability of these words and the repug- 
nance often felt by busy men who do not reflect on the reason to- 
ward quadrisyllabic terminology. ... How long would we stand 
for calling a dime a “decidollar’’ or a cent a ‘“‘centidollar?” A 
“decidollar’”? would very quickly become a ‘‘dess’”’ and ‘‘cent”’ 
was fore-ordained. Again, suppose a foot were a tenth of a 
yard, an inch a tenth of a foot, and a mile just a thousand yards, 
thus realizing the advantage of a decimal system. How would 
we like to call these units a ‘“yarder,” a ‘deciyarder,”’ a ‘‘centi- 
yarder,”’ a “kiloyarder?”” Who would care to say, “The car 
flashed by at two kiloyarders a minute?” 


1 PecraM, G. B., “Units and Names,” J'’rans. N. Y. Acad. Sci., 
(II) 15, 71 (1958). 
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The words which we use for our common units of 
measurement should not be clumsier than the good 
little four-letter words which we use so often. How 
about agitating, therefore, for the common use of 
“cen,” rather than centimeter; ‘‘mim,” rather than 
miliimeter; ‘mil’ or ‘eml,” rather than milliliter. In 
fact, perhaps “meter’’ itself should be contracted to 
“mete” (which would at least distract us from the in- 
consistent pronunciation of ‘“kilometer’’). Pegram 
also thinks we could well shorten some of our other 
units to such terms as “sec,” “coul,” “frad,” “hen,” 
and “mig.” I would add my own ten-cents-worth and 
suggest “grat’’ (for gram-atom), and “mygrat” (for 
microgram-atom). We have precedent in the “mol,” 
originally a contraction from gram-molecule, but later 
(very handily) extended to apply to any gram-formula- 
weight. 

The question of how to accomplish such desirable re- 
forms is perhaps difficult. But Pegram thinks that 
something might be accomplished via such interna- 
tional organizations as UNESCO, itself an example of 
the desirability of indicating what we mean without a 
lot of words. 
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Ir is the object of the present series of articles to 
review the fundamental concepts of both mesomerism 
and isomerism, although the major part of the discus- 
sion is concerned with the latter. Notwithstanding 
the considerable number of texts devoted to these sub- 
jects, certain concepts continue to be misunderstood 
by many chemists. Particular care has been taken in 
these articles to give satisfactory definitions of the 
terms used, because frequently a poor definition can 
contaminate the whole of one’s thinking concerning a 
subject. 

For a proper understanding of either isomerism or 
mesomerism, it is important to have a clear idea as to 
the exact meaning and limitations of the various types 
of formulas that are commonly employed. For this 
reason, a fairly detailed discussion of each type is given 


Let us consider, for example, the following various 
ways in which one of the optically active forms of tar- 
taric acid can be represented: 

The formulas contain additional information as one 
proceeds from Ia to Id, the spatial or configurational 


HO. H COOH 
CHOH— COOH “COOH 
CeHs05 
CHOH—COOH H OH H—+—OH 
COOH COOH 


Empirical Molecular Structural Configurational Projection 


(a) (b) (c) (d) (e) 
I 


formula being the most complicated. The so-called 
projection formula Ie, however, is merely a planar 
(and therefore simplified) representation of the con- 
figurational formula. Let us now consider in detail 
the meaning of each of these formulas (without being 
concerned with experimental details). 


MOLECULAR AND EMPIRICAL FORMULAS 


In order to make our definitions more precise, let us 
first consider the covalent substances. The molecular 
formula of a substance (element or compound) not only 
tells us which elements are present in a molecule of the 
substance but exactly how many atoms of each element. 
Some covalent substances, however, cannot be said 


* ASPECTS OF ISOMERISM AND MESOMERISM 


I. (a) Formulas and Their Meaning 
(6) Mesomerism 


RICHARD L. BENT 
Eastman Kodak Company, Rochester, New York 


in the first part of the present paper. A consideration 
of the structural formula inevitably brings up the ques- 
tion of resonance (mesomerism), and a discussion of 
the latter constitutes the remainder of Part I. Part II 
will be concerned with structural isomerism and Part 
III with stereoisomerism, the discussion throughout 
being limited almost entirely to compounds of carbon. 

It should be emphasized from the start that the con- 
cepts and principles of isomerism are fundamentally 
different from those of mesomerism. Isomerism is 
concerned with the arrangement of atoms in a molecule 
(or ion), while the theory of resonance (in organic 
chemistry) is concerned with the bonds linking those 
atoms, 1. e., with electrons. Nevertheless, the theory 
of resonance does enable one to state more precisely 
just what the theory of isomerism can and cannot tell us. 


FORMULAS AND THEIR MEANING 


to possess molecular formulas because they do not con- 
sist of discrete molecules. Thus the element carbon, 
which cannot be liquefied, exists in its various crystal- 
line forms as “giant molecules.”” In diamond the co- 
valent bonds between the carbon atoms extend through- 
out the whole crystal, while in graphite the covalent 
bonds extend in the plane of the hexagonal layers of 
carbon atoms (the layers themselves being held to- 
gether by van der Waals forces).! 


The empirical or proportional formula of a substance 
(obtained directly from its percentage composition) 
tells us the proportions of the elements that are present. 
Empirical formulas (in contrast to molecular) can be 
assigned to all pure substances. Because it is possible 
to represent the proportions of the elements in a com- 
pound in a number of different ways, 7. e., by a number 
of different formulas, in practice, the empirical for- 
mula is defined as the simplest proportional formula 
capable of representing the substance. For those 
substances consisting of molecules, it expresses the 
relative numbers of atoms present in a molecule of the 
substance in the smallest whole numbers. Thus, al- 
though C,H;.;0;.;, for example, is an accurate propor- 
tional formula for tartaric acid, it is not normally called 
the empirical formula, because fractional terms (7. e., 


See Pautina, L., “The Nature of the Chemical Bond,” 2nd 
ed., Cornell University Press, Ithaca, New York, 1940, p. 172. 
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fractions of an atom) obviously cannot be present. 

The empirical formula for tartaric acid, C.H;Os, 
informs us that for every two atoms of carbon that are 
present in the molecule (whatever the actual number 
is) there also have to be three atoms of hydrogen and 
three atoms of oxygen. Thus its molecular formula can 
be represented by the expression (C:H;03),, where n 
may be 1, 2, 3, or any other whole number. From the 
experimental value for the molecular weight of tar- 
tarie acid it is found that n = 2, 7. e., the molecular 
formula of tartaric acid is (C2H;O03)2 or CyHeO¢. In 
many instances, of course, the molecular formula of a 
compound is identical with its empirical formula. 

Surprisingly enough, there is a certain inconsistency 
in the usage of empirical and molecular formulas, par- 
ticularly in representing polymers. Thus, considering 
an addition polymer, the empirical formula of the 
rubber obtained by the polymerization of isoprene is 
usually written as (C;Hs),, where n represents an un- 
known whole number. According to the usual definition 
of an empirical formula, the rubber should be repres- 
ented by the formula, C;Hs, since this represents the 
simplest proportional formula; the expression (C;Hs), 
would be regarded as the molecular formula, even 
though the aetual number of monomeric units might not 
be known. With most high polymers, of course, the 
number of monomeric units per molecule is not constant 
and may vary within fairly wide limits. 

The (X), formulation for the empirical formula is 
also generally used for condensation polymers, though 
sometimes incorrectly. The empirical formula of 
starch, for example, is almost invariably written as 
(CsHwOs)n. The correct formula, however, is (CeHio 
O;), HOH, for the latter at the same time represents the 
disaccharides, trisaccharides, etc., which it should.* 
For example, sucrose formed by the condensation of two 
glucose molecules, 


possesses a molecular formula, CyxH2Ou. Obviously, 
the expression (CsH10Os), cannot represent its empirical 
formula.*® 

Let us now consider the ionic compounds. Although 
empirical formulas can be assigned to them, they cannot 
be said to possess molecular formulas since they are 
composed of ions rather than molecules. Nevertheless, 
in practice, particularly in regard to organic compounds, 
formulas which are in many respects equivalent to 
molecular formulas are assigned to the ionic compounds. 


? As pointed out by Wricxt, K. E., J. Cuem. Epvc., 24, 562 
(1947). 

3 Starch consists of such a large number of condensed glucose 
units (or rather it can be considered to consist of condensed glu- 
cose units since the exact mechanism by which starch is formed 
is not yet known) that the difference between (CsH1O;), and 
(CsH,O;), HOH could not, of course, be detected analytically. 
Strictly speaking, because of “irregularities” in regard to end 
groups which occur, for example, in starch and, in fact, in all high 
polymers, only “approximate” formulas can really be assigned to 
such compounds. 
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Thus, disodium tartrate, for example, is assigned the 
formula or Although 
these are obviously different from the empirical for- 
mula of the substance, C.H,O;Na, they are frequently 
called simply “formulas” without further designation. 
To avoid ambiguity, it is preferable to call such a for- 
mula an ionic formula, and it tells us how many atoms 
(charged or uncharged) of each element are present in 
the smallest group of ions capable of representing the 
actual properties of the substance. | 

An ionic formula is perhaps a somewhat “artificial” 
concept since it represents an isolated group of ions. 
Such a group is not normally capable of independent 
existence in the presence of other ions. Thus, in the 
crystalline state, the attractive forces extend from ion to 
ion throughout the crystal, while even in solution the 
ions are not completely independent of one another. 
The group of atoms in a neutral molecule, of course, is 
normally capable of independent existence. 

Whatever the theoretical objections to the concept 
of an ionic formula, the fact remains that it is an ex- 
tremely useful concept. While it is true that many of 
the simpler ionic compounds (particularly inorganic) are 
adequately represented by their empirical formulas 
(because they are often identical with their ionic for- 
mulas), this is not true in the case of the organic ionic 
compounds. In fact, the organic chemist not only wants 
to know how many atoms of each element are present, 
but also the structural and even spatial arrangements of 
the atoms in the respective ions. The very concept of 
an ionic formula enables him to assign structural and 
configurational formulas to the ionic compounds in 
much the same way as for the strictly covalently linked 
compounds. In addition it enables one to include 
such compounds into the normal framework of defini- 
tions in isomerism without much difficulty. Thus, 
while butyric and isobutyric acids, for example, are 
said to be isomeric because they possess identical 
molecular formulas, their sodium salts can be called 
isomeric because they possess identical ionic formulas.‘ 


THE STRUCTURAL FORMULA 


In regard to covalent substances, the (classical) 
structural, or constitutional, formula tells us how many 
atoms of each element are present in a molecule of the 
substance, which atom is linked to which, and in each 
case whether the linkages are single, double, or triple. 
However, a “modern” structural formula contains 
further information, as will be shown. 

In some ways the term “structural” as applied to a 
formula is misleading, for it is easy to attach to the 
word structure a three-dimensiona! or spatial meaning. 
This is due firstly to our everyday use of the word, as 
when we talk about the structure of a table or building, 
in which something with three dimensions is implied; 


4 Unfortunately, there is no agreement in the standard texts as 
to exactly what compounds should or should not be called iso- 
meric, and therefore the basic definitions differ somewhat (at 
least in regard to ionic compounds). The definitions given above 
are preferred by the present writer because of their inherent sim- 
plicity (see Part IT for further discussion ). 
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secondly, having known for a long time about the 
spatial aspects of a molecule, we are prone to see more 
in a structural formula than is really there. Although 
a structural formula is sometimes called a planar for- 
mula, it is best described as being a ‘‘noncommital’”’ 
formula, since it does not tell us anything about the 
spatial relationships of the atoms. It is true of course, 
that on paper structural formulas are represented as 
being in the plane of the paper, but this is purely for 
convenience and does not mean that the distribution 
of atoms is to be regarded as being planar. A struc- 
tural formula will tell us, for example, that atom A is 
linked to atom B, and that B is linked to C, and so on, 
but it does not tell us whether these atoms are joined 
together in a straight line or what their spatial posi- 
tions are. It required the tetrahedral concept of the 
carbon atom, by Le Bel and van’t Hoff, to give us the 
additional knowledge, as will be shown in the section 
on stereochemistry (Part ITI). 

In practice, the structural formula of a compound is 
written in a number of different ways, but it must be 
carefully noted that they all possess exactly the same 
meaning. The structural formula of propionic acid, 
for example, can be written in any of the following ways. 


hoi 
(a) (b) (c) 
C.H,COOH 
(d) 


CH;—CH.—COOH CH;CH,COOH 


II 


Formula Ila, in which every individual atom and 
valency is represented separately, is sometimes called 
a graphic formula. This method of writing out the 
structural formula in full, although giving us a vivid 
picture as to the way in which the atoms are linked up, 
is not often employed. Instead, the simpler formulas, 
IIb to d, are often used, since the latter are more easily 
written and occupy less space. Nevertheless, For- 
mulas (b) to (d) imply (a) and are merely examples of 
chemical shorthand. ; 

In practice, an ionic compound such as sodium 
ethoxide, for example, is conveniently assigned the 
structural formula CH;CH.,ONa, or (preferably) 
[CH;CH.O]- [Na]*. Strictly speaking the latter 
represents the structural formula of an isolated pair 
of ions only (see earlier remarks concerning ionic 
formulas). 

In order to include a number of compounds which 
would otherwise be incapable of representation by 
structural formulas, certain legitimate extensions to the 
original meaning of the latter have been made. Be- 
cause each covalent bond is now known to represent a 
shared pair of electrons, a simple free radical like methyl 
is assigned the structural formula -CH3, the single dot 
implying one unshared electron. 

A semipolar bond is now included as part of a ‘‘mod- 
ern” structural formula. Because both of the shared 
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electrons in a semipolar bond come from one atom 
(the donor), the latter possesses a formal positive 
charge, while the acceptor possesses a formal negative 
charge. An amine oxide, for example, is represented 
by IIIa. An alternative formulation is shown by IIIb, 
Both representations are, of course, identical in meaning, 


R;N + O 
(a) (b) 
III 


The situation is not entirely clear as regards the 
corresponding sulfur compounds. Thus the sulfoxides 
have been represented for a number of years by IY, 
However, in contrast to the elements of the first period, 
sulfur is capable of expanding its valency shell and hence 
a formula such as V is possible. 

RS R.S=O 
IV V 


The present attitude, based on considerable experi- 
mental evidence, is that the bond between the sulfur and 
oxygen (in such a compound) is neither a semipolar 
bond nor a double bond, but is intermediate between 
the two. This means that a sulfoxide cannot be rep- 
resented by a single structural formula. The actual 
state of the molecule has to be represented as a reson- 
ance hybrid, although there still seems to be considerable 
doubt concerning the extent to which each of these 
forms contributes to the hybrid.® 

Another example of a resonance hybrid is the tri- 
phenylmethy] radical, which also cannot be represented 
by any one structural formula. For convenience, its 
“structure” is often written (CsH;);C-, as if the un- 
shared electron were attached to the acyclic carbon 
atom. The electron does not remain there, however, 
and is part of the time located on the carbon atoms of 
the benzene rings. A detailed explanation of such 
mesomeric (resonance) systems is given later. 


CONFIGURATIONAL AND PROJECTION FORMULAS 


Since these formulas will also be considered in Part 
III of this series, only a brief account is given here. 


The stereochemical or configurational formula is a 


spatial formula. In regard to the covalent compounds, 
it tells us how many atoms of each element are present 
in a molecule of the substance, which atom is linked to 
which, and the relative spatial positions of the atoms. 
Although a configurational formula is often called a 
three-dimensional formula, the term spatial is prefer- 
able. The majority of molecules do, of course, extend 
in three dimensions and their respective configurational 
formulas will show this. However, configurational for- 
mulas also portray planar molecules (e. g., ethylene) 
and even linear molecules (e. g., acetylene), so it is 
not quite accurate to classify all of them as being three- 
dimensional. 

According to stereochemical theory, a molecule such 
as tartaric acid, which can be regarded as a fully sub- 


5 See Voaet, A. I., et al., J. Chem. Soc., 1952, 535, and refer- 
ences given there. 
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stituted ethane, is represented by Formula Vla, 
i. e., by a point-to-point union of two tetrahedra 
(one of the optically active forms is represented). 


HO H HO. COOH 
— 
H OH C 
COOH COOH 
COOH 
(a) (b) 
VI 


The hydrogen, hydroxyl, and carboxyl groups are con- 
sidered to be at the corners of the two tetrahedra and, 
in each case, the carbon atom to which these groups are 
attached is considered to be at the center of the corre- 
sponding tetrahedron. The “central” carbon atoms are 
often not shown when using this type of spatial formula. 

An alternative way of picturing the molecule is by 
the valence-bond type of formula as shown by VIb. 
With this type, the location of both the bonds and atoms 
(or groups) in the molecule is apparent. The differ- 
ences between the (three) isomeric tartaric acids 
(stereoisomeric, since they all possess the same struc- 
tural formula) can be shown without drawing in full 
the spatial relationships that exist between the atoms 
in the hydroxyl and carboxyl groups. The spatial re- 
lationships of the atoms or groups about each asym- 
metric center® (in this case, each of the two central 
carbon atoms) constitute the really important thing to 
be represented. When there is no asymmetric center, 
as in the carboxyl group, for example, the ordinary 
structural formula contains enough information be- 
cause such a group, by itself, is not capable of causing 
additional isomerism. Hence, in practice, we use a 
formula that is really only “partly” spatial, the “rest”’ 
of the formula being written out in the form of a struc- 
tural formula. Nevertheless, such a formula is always 
called configurational. 

It should be pointed out that even today it is not 
known definitely whether VIa actually represents the 
dextro or levo form of tartaric acid, although recently 
there have been claims in regard to the determination 
of the absolute configuration of such compounds. All 
that we can say for certainty is that if VIa does actually 
represent the dextro configuration, then the levo form 
must be represented by its mirror image, VIIa (or vice 
versa). 


H OH COOH 
‘COOH 
HO H HO—+—H 
COOH COOH 
(a) (b) 


VII 


Because of the occurrence oi freedom of rotation 
about the single bonds, each of the tartaric acid mole- 


6 A carbon atom attached to four different atoms or groups is 
said to be asymmetric. The tartaric acid molecule contains two 


similar asymmetric carbon atoms and is therefore capable of ex- 
isting in a dextro, levo, and meso form (see Part IIT). 
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cules (whatever their absolute configuration may be) 
can only be represented properly by an infinite number 
of spatial formulas. In practice, of course, one of these 
“static” formulas (representing an instantaneous form) 


is chosen to represent the dynamic molecule. 


Owing to the tediousness of writing out configura- 
tional formulas of complicated molecules, a simpler 
method of representing them was devised, resulting in 
what is known as projection formulas. Thus, Vla 
and VIla are represented by the projection formulas, 
VIc and VIIb, respectively. Certain rules must be 
careiully observed when using projection formulas. 
They may be moved around only in the plane of the 
paper; they cannot be lifted out of the plane and in- 
verted, for if they are, they cease to represent the orig- 
inal molecule. Thus, if VIc is inverted, it becomes 
identical with VIIb. 

Let us examine the molecule represented by Vla 
more closely. Because of the relative freedom of 
rotation between the central carbon atoms, the mole- 
cule can also be represented by VIIIa, a’, or a’’ (the 
counterclockwise relationship of H, OH, and COOH, 
taken in that order, being preserved) and, in fact, 
by many other formulas ‘‘in between” these, although 
the various spatial positions are not all equally probable. 


HO H COOH HOOC OH H 
H OH 4H—+—0n H OH H -OH 
COOH COOH COOH COOH 
(a) (b) (a’) (b’) 
H COOH OH 
H—+— COOH 
H ‘OH ON 
COOH COOH 
(a”) (b”) 


Vill 


Their corresponding projection formulas can be rep- 
resented by VIIIb, b’, or b’’. It should be noticed that 
the atoms or groups situated at the top or bottom of 
the vertical line in projection formulas (in one com- 
monly accepted system, and in this paper) represent 
those atoms or groups which project in front of the 
plane of the paper (in the other system, behind the 
plane). For convenience, one of these, VIIIa, is ar- 
bitrarily chosen to be the correct formula. Similarly, 
with the other isomeric tartaric acids, the formulas are 
so chosen that the carboxyl groups always project in 
front of the plane of the paper. 

Notwithstanding the above remarks, a projection 
formula (rather than a configurational one) is often 
chosen arbitrarily to represent a molecule. First of 
all, projection formulas are generally used instead of the 
more complicated spatial formulas, and secondly 
absolute configurations of many optically active mole- 
cules are not known. Thus, VIc, for example, has been 
chosen (by universal agreement) to represent levo 
tartaric acid, it being understood that it is uncertain 
whether this actually represents VIa or its mirror image. 
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The term “electronic isomer” has been used occa- 
sionally in the past to describe structures that differ only 
in the position of electrons, e. g., the two Kekulé struc- 
tures for benzene. 
leading, however, for although one can (and does for 
reasons of convenience) write down such electronic 
structures on paper, in principle they do not exist as 
separate entities. A molecule like benzene does not 
possess one electronic structure part of the time and 
another structure (or structures) the rest of the time. 
The actual electronic state of the molecule all of the 
time is “in between” the possible structures (there is 
an intermediate density of electric charge between any 
two carbon atoms). The phenomenon was appropri- 
ately called mesomerism by Ingold (the word meaning 
literally “between the parts’). Another way of de- 
scribing the mesomeric state of a molecule is to state 
that it is in resonance among a number of electronic 
structures. Thus, benzene is said to resonate between 
the two Kekulé structures. It is unfortunate that the 
term resonance is likely to give one the erroneous idea 
that some kind of a “mechanical”’ oscillation is involved. 
It should be remembered, however, that the terminology 
adopted is extremely useful, for otherwise we would 
have to dispense with many of the classical structural 
formulas. Thus, although one is unable to write down 
on paper a classical formula for the mesomeric state of 
a molecule, one can describe it in terms of a number of 
structures that can be written classically. 

This does not mean that such a molecule cannot be 
represented in some other manner. Thus, the mole- 
cular orbital’ treatment of resonance makes use of a 
radically different type of formula. In fact, the latter 
(in contrast to the valence-bond treatment) attempts 
to give an actual “picture” of the mesomeric state of a 
molecule. The molecular orbital method is admittedly 
superior in a number of respects. However, because 
the latter does not make use of the classical structural 
formulas, the valence-bond method will be adhered to 
in the present paper. 

It might be pointed out that the theory of resonance is 
also concerned with certain phenomena in physics. 
Thus, for example, the spectrum of the helium atom 
can be explained only by assuming that its two elec- 
trons affect one another in such a manner that a so- 
called exchange takes place. The two electrons are 
said to be in resonance. In fact, the term resonance 
was first used in this connection. Here again, the 
phenomenon is not to be represented as a simple 
“mechanical” interchange. 

Although the terms resonance and mesomerism are 
often used interchangeably in organic chemistry, it 
should be noted that the meaning of the term meso- 


7For an elementary discussion of it, see Nouuer, C. R., J. 
Cuem. Epuc., 27, 504 (1950). For a more advanced treatment, 
see Couson, C. A., “Valence,” Oxford University Press, Lon- 
don, 1952. 


The expression is completely mis- 
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MESOMERISM 


merism is also frequently restricted, it being regarded ag 
a special branch of resonance. 

For classification purposes, one can state that the 
theory of resonance in organic chemistry is concerned 
with the following phenomena: (1) the formation of a 
covalent bond (or bonds) between identical atoms; 
(2) the formation of such a bond (or bonds) between 
dissimilar atoms; (3) the fact that it is possible to write 
for certain types of molecules (e. g., benzene), ions 
(e. g., the carboxylic acid ion), or free radicals (e. g., 
the triphenylmethyl radical), two or more possible 
electronic structures. The actual state of such a 
molecule (ion or radical) is considered to be represented 
not by any one of those structures, but by all of them. 

Resonance of type (3) which occurs between different 
valence-bond structures in certain compounds possess- 
ing multiple bonds (and frequently unshared pairs of 
electrons as well), is often called mesomerism. As 
mentioned above, however, the terms resonance and 
mesomerism @re frequently used more or less inter- 
changeably. Presumably this is because all resonating 
systems (and not just type (3)) can really be represented 
by some kind of “intermediate” electronic state which 
might therefore be termed mesomeric. 

Probably the reason for sometimes limiting the term 
mesomerism to include only resonance of type (3) is 
the fact that once the fundamental nature of the cova- 
lent bond has been understood, the chemist can often 
write his formulas in the classical manner without fur- 
ther consideration. Thus, most of the compounds 
containing only single bonds are adequately represented 
(in many of their aspects) by the classical structural 
formulas. For example, the structural formula for 
methane, IX, accurately describes many of the relevant 


H 


properties of that compound. The chemist can, so to 
speak, “forget”? that resonance is: actually responsible 
for the formation of each of the covalent bonds. 

A considerable number of compounds containing 
multiple bonds can also be represented quite accurately 
by the classical formulas, e. g., ethylene, acetylene, etc. 
Nevertheless there are many compounds containing 
multiple bonds, particularly those with conjugated 
systems, that cannot be represented by classical 
structural formulas. For, in these compounds, addi- 
tional resonance occurs, over and above the resonance 
that is responsible for each individual bond, and the 
resonance is of a type that completely invalidates the 
classical formulation. 

Thus, the carboxylate ion is not represented either 
by Xa or Xb. Both formulas imply that one oxygen 
atom is doubled. linked ard uncharged and that the 
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O 
R—C R—C 
Xa Xb 


other oxygen is singly linked and negatively charged. 
The ion is said to resonate between the two structures, 
meaning that the actual state of the molecule is all of 
the time “intermediate” between the two structures. 
The resulting electronic state of the molecule is also 
called a resonance hybrid to emphasize that a new type of 
structure has been formed. The electronic charge 
distributes itself equally between both oxygens, which 
thus receive a partial charge only. It is true, of course, 
that if a positive ion approached closely enough to one 
of the oxygen atoms, the latter would become predomi- 
nantly, if not wholly, charged. In fact, this trans- 
ference of charge or electrons from one atom to another 
is often very important at the “instant” a chemical 
reaction takes place. 

It should be noted carefully that the term “‘inter- 
mediate’ does not mean that the properties of the 
molecule are simply an arithmetical average of the prop- 
erties of the individual structures, for resonance pro- 
foundly affects many of the properties of a molecule. 
Thus, the stability of the carboxylate ion is increased 
by the resonance, and the bond distances are shortened ; 
the carbon-oxygen bond distance is not halfway between 
that of a single bond and a double bond but is actually 
closer to that of a double bond. 

The general theory of mesomerism, or resonance, 
should be distinguished from the so-called mesomeric 
effect;> the latter, although a resonance phenomenon of 
type (3) is exhibited by a special class of compounds 
only. Without giving a rigid definition of the meso- 
meric effect, it can be stated that, in general, it is con- 
cerned with the tendency of an atom possessing an 
unshared pair of electrons (e. g., nitrogen or oxygen) to 
enter into the resonance phenomenon when it is con- 
nected to a conjugated system of bonds. Thus, while 
the Kekulé forms of benzene exemplify the resonance 
phenomenon, type (3), benzene is not an example of 
the mesomeric effect, since no unshared pairs of elec- 
trons are involved in the resonance. A fairly detailed 
discussion of each type of resonance will now be given. 


RESONANCE OF TYPE (1) 


Let us consider the formation of a single covalent 
bond as exemplified in the hydrogen molecule. The 
theory of quantum-mechanical resonance, to use its 
full and somewhat terrifying name, was employed by 
Heitler and London in 1927 to explain the nature of the 
covalent bond. They postulated that the two electrons 
forming such a bond (which are said to be shared) 


8 For a discussion of it, see JoHNSON, J. R., in GrnMan’s “Or- 
ganic Chemistry,” 2nd ed., John Wiley & Sons, Inc., New York, 
1943, Vol. 2, pp. 1821-942; also Remick, A. E., ‘Electronic In- 
terpretations of Organic Chemistry,” 2nd ed., John Wiley & Sons, 
Inc., New York, 1949. 
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take part in an exchange, or resonance, phenomenon 
somewhat similar to that which occurs in the helium 
atom. 

If two isolated hydrogen atoms approach one an- 
other closely enough, and if the two electrons have 
opposed spins (this cannot be elaborated upon 
here), the following state of affairs occurs: 
The individual electrons no longer rotate solely 
about their respective nuclei but rotate about both 
nuclei.2 This is expressed crudely by stating that 
the hydrogen molecule resonates between the two 
electronic structures, XIa and XIb (the letters refer to 


Hy? ——> H,? H,! 
Xla XIb 


the individual hydrogen nuclei and the numerals to the 
individual electrons). This symbolism merely means 
that after combination neither electron (1 or 2) belongs 
exclusively to either of the nuclei (a or b), but that 
both electrons are mutually owned by both nuclei. 
A mathematical treatment of the problem has shown 
that the electrons, while moving about both nuclei, 
spend the larger part of the time between the nuclei, and 
so we can think of the two positive nuclei as being held 
together by the “partially centralized’ negative 
electrons by electrostatic forces (“partially’’ because 
they are in constant motion about the two nuclei). 
Unfortunately, the complete explanation as to why 
the electrons move in such a manner is extremely com- 
plicated and can be understood by the mathematical 
physicist only. This is because the theory of reso- 
nance is based on the highly mathematical concepts of 
quantum mechanics (or wave mechanics). The latter 
subjects are, of course, completely outside the scope of 
the present article, and so a few brief (and oversim- 
plified) remarks will have to suffice. 

Matter (as well as electromagnetic radiation) has 
a dual nature; it possesses both wavelike and particle- 
like characteristics. It is only when atomic dimensions 
are involved, however, that the wave nature of matter 
begins to make itself felt. The wave-mechanical pic- 
ture of the hydrogen atom is that the electron, in its 
motion about the nucleus, is “guided” or “directed” 
by an accompanying system of waves (electron waves). 
In addition, these waves control the energy possessed 
by the electron (the waves themselves are not con- 
sidered to possess any energy ).'° 

When two hydrogen atoms approach one another 
closely enough, the two individual wave systems 
“combine” and a new wave system is set up which 


® The two atoms will not combine, however, unless they can 
get rid of their excess energy, 7. e., it will normally require the 
presence of other particles to carry off the excess energy. 

10 For a lucid discussion of the nature of these waves (which 
are called ‘“‘probability”’ waves), see JEANS, J., ‘“Physics and Phil- 
osophy,”’ The Macmillan Co., New York, 1945, pp. 123-71; see 
also Born, M., ‘“‘The Restless Universe,’ 2nd ed., Dover Publica- 
tions, Inc., New York, 1951, pp. 106-65; Mareenau, H., “The 
Nature of Physical Reality,” McGraw-Hill Book Co., Inc., New 
York, 1950, pp. 307-88; Wiswesser, W. J., J. Coem. Epuc., 22, 
314, 370, 418 (1945). 
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(it can be shown) causes the electrons to possess less 
energy than they had before combination. The ex- 
cess energy is given out as heat and is called the reso- 
nance energy of the molecule. The latter isa measure of 
the strength or stability of the covalent bond in hy- 
dregen, since that amount of energy must be put into 
the molecule to break the bond. 

The actual forces involved in the molecule, once the 
bond has been formed, are still the electrical forces of 
attraction between protons and electrons. The two 
hydrogen atoms combine, however, not because of 
any “immediate” electrical attraction, but because of 
the wave nature of the electron, which, so to speak, 
forces them to assume, on the average, “positions” 
of attraction; 7. e., the electrons spend the large part 
of the time between the nuclei. _ Although, in addition, 
mutual polarization occurs between the two hydrogen 
atoms, resulting in a small dipolar attraction, by itself 
it is not strong enough to account for the forces actually 
involved (the magnetic and gravitational forces are too 
small to have any appreciable influence).'! 

In general, it can be stated that when resonance 
occurs in a molecule (of whatever type) it appears to 
give more ‘freedom of movement” to the electrons. 
Thus, in the case of the hydrogen molecule (and simi- 
larly for all covalent bonds), the electrons have more 
freedom after combination since they move about two 
nuclei instead of only one. As shown by quantum 
mechanics, the increased freedom results in the elec- 
trons possessing less energy than they would have with- 
out the resonance. 


RESONANCE OF TYPE (2)!? 


The carbon-chlorine bond can be taken as an example 
of this type or resonance. The chlorine atom is con- 
siderably more electronegative than carbon, and it 
attracts the shared electron pair to a greater extent. 
The chlorine atom thus acquires a fractional negative 
charge and the carbon a fractional positive charge, 
the bond as a whole possessing a dipole moment. 
Diagrammatically, one can represent this state of 
affairs in either of two ways, by XIla or XIIb. This 
manner of representation, however, does not tell the 

XIla XIIb 


whole story. There is another and more accurate way 


1! For a more detailed (but nonmathematical) discussion of the 
covalent bond, see SuatTerR, J. C., “Introduction to Chemical 
Physics,” McGraw-Hill Book Co., Inc., New York, 1939, pp. 
352-76; PauLina, L., ref. 1, pp. 3-24. 

For interesting discussions, with particular emphasis on the 
theory of valency, see PALMER, W. G., “Valency, Classical and 
Modern,” Cambridge University Press, Cambridge, England, 
1946; also, RAy, P., “Theory of Valency and the Structure of 
Chemical Compounds,” University College of Science, Calcutta, 
India, 1946; also, Coutson, C. A., ref. 7. 

For a more advanced treatment, see SyRKIN, Y. K., AND M. E. 
Dyarxrina, ‘Structure of Molecules and the Chemical Bond,” 
Interscience Publishers, Inc., New York, 1950. 

12 For a more thorough discussion, see PAULING, L., ref. 1, pp. 
34-75. 
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of looking at the problem. The bond is to be thought 
of as in resonance primarily between a covalent ex. 
treme, XIIIa, and an ionic extreme, XIIIb. The 
C:Cl—= CO CIO 
XITIb 


actual electronic state of the bond is somewhere be- 
tween these two extreme states, the two atoms ac- 
quiring fractional charges, as stated above. The im- 
portant thing to realize, however, is that the actual 
strength of the intermediate, or hybrid, bond is not 
the arithmetical average of the bond strengths for the 
covalent and ionic extremes. The hybrid bond is 
actually stronger than either the covalent or ionic 
bond taken individually. It requires more energy to 
break the hybrid bond than would be necessary if the 
additional resonance did not occur (and by additional 
is meant the resonance over and above that which oe- 
curs in a “pure” covalent bond; a pure ionic bond, of 
course, is not a resonating system). 

The greater the ionic contribution to the actual state 
of the bond, the greater will be the resonance, and the 
greater the strength of the bond. If the ionic contri- 
bution to a bond were exactly equal to the covalent 
contribution, the resonance interaction and the result- 
ant strength of the bond would be at a maximum. 
In fact, if three (or more) structures of equal probability 
and stability were possible, then the strength of the 
hybrid bond would be even greater. If the contribu- 
tions of the covalent and ionic extremes are not equal 
(as in the carbon-chlorine bond), then the resonance 
interaction will be less than the maximum theoretically 
possible, and the electronic state (and strength) of 
the hybrid bond will be closer to that possessed by 
the most stable structure. A single bond may lie 
anywhere between the ionic extreme and the covalent 
extreme, depending on the relative electronegativities 
of the atoms involved. Thus, in the series HF, HCl, 
HBr, and HI, the ionic character of the bond is greatest 
for the hydrogen fluoride and least for the hydrogen 
iodide. 

RESONANCE OF TYPE (3) 


As mentioned previously, a molecule like benzene 
cannot be described accurately even in terms of more 
than one structural formula, although we still attempt 
to so describe it. It should be noted that an accurate 
description of all tautomeric systems can be made in 
terms of two or more structures. At the equilibrium 
point, the following type of statement could be made 
which would apply to all tautomeric systems: The 
number of molecules possessing Structure A, the num- 
ber possessing Structure B, and so on (depending upon 
the number of individual structures involved) will re- 
main constant. Wording it somewhat differently, one 
could state that, over a period of time, on the average 
each molecule will spend a definite fraction of that time 
as Structure A, another definite fraction as Structure B, 
and-so on, the individual periods of time remaining 
constant at equilibrium. 
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The simple concept of a ‘mechanical mixture” can 
accurately describe a tautomeric system. However, 
when the movements of electrons rather than atoms 
are involved, as in all resonating systems, the concept 
of a mechanical mixture is completely erroneous. 
When two structures differ only in “bond arrange- 
ments” rather than atom arrangements, the classical 
idea of an equilibrium has to be revised. Although no 
one classical structural formula (of the normal valence- 
bond type) can represent the benzene molecule, for 
convenience, or rather because of the desire to keep the 
outward form of the classical terminology, we speak of 
the benzene molecule as resonating between the two 


Kekulé structures, 


(neglecting other minor contributing structures). Nev- 
ertheless, benzene is emphatically not a dynamic 
“mixture” of the two forms. 

Thus, the bond between any two carbon atoms in 
benzene is not part of the time single and part of the 
time double, but all of the time “in between” a single 
and a double bond; it is conveniently called a ‘‘one 
and a half” bond. Nevertheless, because of the reso- 
nance, it is actually closer to being a double bond as 
regards bond strength and distance. However, con- 
sidering the characteristic laek of reactivity of benzene 
(it undergoes substitution reactions rather than ad- 
dition reactions), it is closer to behaving like a single 
bond. The resonance brings about an increased sta- 
bility which prevents the double bonds from acting in 
the normal manner. 

The concept of a bond being in between a single and 
a double bond should cause no confusion if a covalent 
bond is pictured as being a “time-averaged” cloud of 
negative electricity (which is perfectly justified, owing 
to the tremendous speed of the electrons). The den- 
sity of charge between any two atoms which are coval- 
ently linked can be regarded as a measure of the strength 
of the bond.'* 

An isolated carbon-carbon double bond is stronger 
than an isolated single bond (but not twice as strong), 
since it consists of two pairs of shared electrons, and 
thus the density of charge is also greater.'* 

A bond that is described as being “in between” a 
single and a double bond merely implies that the den- 
sity of electric charge for the bond is in between the 


13 Tonic bonds, of course, have no density of charge, but only 
“electric-field” density. Neither are we considering here a bond 
which is a resonance hybrid between an ionic bond and a covalent 
bond, 7. e., a bond with partial ionic character. In actual fact, 
there is no such thing as a “pure” covalent bond, but here we can 
consider that such a bond exists. 

14 Although a double bond is the stronger bond—and this means 
that more energy is required to break both of the bonds than to 
break a single bond—it is chemically more reactive. The second 
bond (which is called a x bond) is actually weaker than the first, 
and it is this bond that is preferentia!ly attacked by chemical re- 
agents. Thus, for example, it is more easily polarized by an at- 


tacking ion. 
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densities exhibited by isolated single and double bonds. 
In other words, in benzene the electrons do not move, 
so that part of the time, between any two carbon atoms, 
the density of charge is equal to that of a single bond 
and part of the time it is equal to that of a double bond. 
They move so that the density of charge is all of the 
time in between the two extremes (but not halfway 
between). To show this and to demonstrate the com- 
plete equality of all the carbon-carbon bonds in benzene, 
the “formula” for the latter is occasionally represented 
by XIV." 


The properties of the carbon-carbon bond in benzene 
are not halfway between those of a single bond and a 
double bond because of the gain in stability due to the 
resonance that occurs. The molecule is a completely 
changed molecule, and the change is not one involving 
a simple averaging of the properties of the two hypo- 
thetical Kekulé structures. When one states that the 
stability of benzene is increased by the resonance, it 
means that the molecule has a lower energy content 
than would be expected from classical considerations. 
The word stability, in connection with resonance 
phenomena, always refers to a low (or relatively low) 
energy content, and this does not necessarily imply a 
low chemical reactivity, although this often occurs 
(as in benzene). 

Thus, one finds that more heat is evolved than ex- 
pected from ordinary calculations based on heats of 
formation for all carbon-carbon bonds in benzene, 
i. e., on adding the heats of formation for three isolated 
single bonds and for three isolated double bonds, the 
total heat which would be given out is less than is 
actually found experimentally for the bonds in benzene. 
This means that more heat has to be put into the mole- 
cule to break the carbon-carbon bonds than would be 
required in the absence of resonance. The excess heat 
energy that is given up during formation is called the 
resonance energy of benzene and is a measure of the 
increased stability of the molecule.'® When one speaks 
of the resonance energy of benzene, one is really refer- 
ring to additional resonance energy—over and above 


15 Tt is interesting to note, however, that such a formula (origi- 
nally proposed by the classical theory of partial valency) is 
now being used to represent a “‘simplified’’ molecular-orbital for- 
mula for benzene. According to molecular-orbital theory, all of 
the “secondary” bonds in benzene are equivalent because of a 
mutual overlapping of six p atomic orbitals (see ref. 7). Other 
mesomeric molecules can also be represented by such “dotted- 
line” formulas. For a text making extensive use of such formu- 
las, see Dewar, M. J. S., “The Electronic Theory of Organic 
Chemistry,”’ Oxford University Press, London, 1949. 

16 For a very interesting discussion of the energy relationships 
involved in resonance systems, see Brooker, L. G. §., ‘‘Reso- 
nance and organic chemistry,” in Burk, R. E., ANp O. GRUMMITT’s 
“Advances in Nuclear Chemistry and Theoretical Organic Chem- 
istry,” Interscience Publishers, Inc., New York, 1945, pp. 63-136. 
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that required for each individual bond—brought about 
by the resonance that occurs between the two Kekulé 
forms. In general, when one is considering resonance 
phenomena of type (3), the word “additional” is nor- 
mally omitted, since the ‘‘covalent bond resonance’ that 
also occurs is taken for granted. 

The resonance that occurs in benzene is said to be 
“complete,” because the two contributing forms are 
identical. If the two forms were very different in 
electronic structure and stability, then very little reso- 
nance would occur, and the resultant molecule would not 
gain appreciably in stability but would closely approxi- 
mate the electronic structure and stability- of the more 


* HERMANN MOHLER 


Hermann Mou.er, who is now serving as the tem- 
porary head of the College of Arts and Sciences at the 
University of Bagdad, where he lectures in English on 
physical, industrial, and biochemistry, is in a sense 
returning the great service rendered to Europe by the 
Moors who brought Islamic science into Spain many 
centuries ago. Dr. Mohler, who is distinguished by 
his humanitarian outlook, is working in Iraq under the 
auspices of UNESCO.! 

Born on March 2, 1900, at Liestal, Switzerland, he 
was graduated magna cum laude from the University 
of Basel where he took his doctorate (1925) with a 
major in physical chemistry and minors in botany and 
general chemistry. He early showed a strong interest 
in scientific problems and his two-year activity as assist- 
‘ant in the physical chemistry laboratory of his alma 
mater revealed that he had a great ability for teach- 
ing. 

A year after the doctorate examination he was 
appointed provincial Food Inspector, and in 1930 he 
passed the federal examination for food chemist. 
Shortly thereafter, he went to Zurich as adjunct to the 
cantonal chemist, and two years later was named city 
chemist of Zurich. Here he had an opportunity to 
develop his outstanding organizing abilities and also 
his scientific activities. 

In January, 1937, he habilitated as Privatdozent at 
Basel, receiving the venia legendi in physical chemistry. 
The habilitation essay bore the title: ‘Diacetyl as 
butter aroma and its spectroscopy.’’ The habilitation 


1 Mouter, H., “Die Wissenschaft in Aufbauwerk der Unesco,” 
Chimia, 6, 153 (1952). 
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stable of the two forms. These remarks, of course, 
apply equally well to any molecule which can be con- 
sidered to be a resonance hybrid. 
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lecture dealt with the problem of the relation of chem- 
istry to the new physics. 

His lectures have always been well attended. They 
covered a wide variety of topics, e. g., chemical warfare; 
explosives; the relation of light absorption to chemical 
constitution; dipole moments; sewage; potable waters. 
More than 90 papers testify to the comprehensiveness 
of his chemical activity. In the field of pure chemistry, 
he has specialized on spectroscopy and electron theory. 
He is especially interested in the relations between 
physical properties and chemical constitution. In 
1947 he was appointed extraordinary professor of physi- 
cal chemistry at Basel. 

He has acted as consultant to the military authorities 
on such matters as the analysis of toxic smoke screens, 
the detoxification of areas exposed to war gases such 
as Yperite, and protection against gas attacks in general. 

He has the following books to his credit: “Lésungs- 
spektren’”’ (1937); ‘Beziehungen der Chemie zum 
Weltbild der Physik’’ (1939); ‘Das Absorptionspek- 
trum der chemischen Bindung’’ (1943), which was out 
of print within eight months and was reprinted in the 
U.S. A. in 1946; “Optische Methoden des Chemikers”’ 
(1945); “Elektronentheorie der Chemie” (1946); 
“Chemische Optik” (1950). 

The Werder Foundation awarded him its Werder 
Medal in 1944 in recognition of his outstanding achieve- 
ments in food chemistry and his method of analyzing 
spirituous liquors. Since 1946 he has served as presi- 
dent of the Schweizischer Chemiker-Verband and since 
1947 he has been head of the editorial board of Chimia, 
which he founded. 
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* THE SCOPE AND FUTURE OF ISOTOPE 


UTILIZATION’ 


To appRECIATE the growth, and more particularly the 
future, of isotope utilization, we should go back almost 
60 years to the discovery of radioactivity. From 
Becquerel’s discovery in 1896 to the present, radio- 
activity has been the key that has opened up door after 
door in the dramatic development of nuclear science or 
atomic energy. 

By 1900 five different radioactive elements were 
known; four years later this number was extended to 
20; in 1912 it was 30; and today more than 40 naturally 
occurring radioactive species are known to exist. 
In 1911 radioactivity indirectly led to the concept of 
isotopes. By that time nearly 30 radioactive ‘“ele- 
ments” had been discovered, yet only 12 positions 
could be found in the periodic chart to accommodate 
them. Shortly thereafter, F. Soddy in presenting a 
paper on ‘‘Radioelements and the periodic law” before 
a meeting of the Chemistry Section of the British 
Association in Birmingham concluded ‘that all ele- 
ments falling into the same place in the periodic 
table...are chemically identical and nonseparable 
by chemical methods.” Later the same year Soddy 
proposed the name isotopes to describe such ‘“‘elements.”’ 
Thus, studies of radioactivity were the key to the con- 
cept of isotopes. 

This concept, coupled with the fact that a stable 
element can have a radioactive isotope, led to the dis- 
closure in 1913 by Hevesy and Paneth that a small 
amount of radioactive lead could be used as a radio- 
active tracer or indicator for lead in the determination 
of the solubilities of sparingly soluble lead salts. 
Radioactivity, therefore, was the key to the first tracer 
experiment. 

In the years that followed, radioactivity brought 
forth a number of concepts which were to prove ex- 
tremely important to the development of nuclear sci- 
ence. In 1912 Rutherford’s interpretation of the large- 
angle scattering of alpha particles passing through thin 
sheets of metal led to the disclosure of the nucleus, or 
as Rutherford put it, ‘the atom contains a central 
charge distributed through a very small volume.” 
Seven years later, working with the same alpha rays, 
Rutherford achieved the first controlled artificial dis- 
integration of an atomic nucleus. In 1932 the dis- 
covery of the neutron was credited to Chadwick for his 
explanation of observations made by Bothe and Becker, 


1 Presented at the 122nd Meeting of the American Chemical 
Society, Atlantic City, New Jersey, September 16, 1952. 


PAUL C. AEBERSOLD and EDWIN A. 
WIGGIN 

U. S. Atomic Energy Commission, Oak Ridge, 
Tennessee 


the Joliots, and H. C. Webster when alpha rays from 
polonium were impinged on light elements, notably 
beryllium. In 1934 I. Joliot-Curie and her husband, 
F. Joliot, using a similar natural source for irradiations, 
discovered that radioactivity could be induced in 
stable elements. Here, then, the study and use of 
natural radioelements unexpectedly opened up the door 
to induced radioactivity in other elements. 

At about the same time E. O. Lawrence of this coun- 
try invented the cyclotron and it was quickly observed 
that this and other particle accelerators could be used 
to induce radioactivity in a large variety of elements. 
The use of such man-made radioactivity was, however, 
limited largely to laboratory research problems. 
Generally, only experiments requiring small amounts of 
radiomaterials could be performed, since the quantities 
which could be produced were limited and costly. 

Then in 1939 came the discovery of fission. Here 
again radioactivity led the way. Fermi and his co- 
workers had observed in 1934, during their investiga- 
tions of the nuclear reactions produced in uranium by 
neutrons, that at least four different beta activities, 
distinguished by their half lives, could be detected. 
Five years later Hahn showed these beta-ray emitters 
to be the fission fragments of uranium. 

Then followed in rapid succession the discovery that 
uranium fission results in neutron production, that a 
chain reaction could be sustained, and that these two 
phenomena could serve as the basis for the design and 
operation of a nuclear reactor. With the advent of the 
reactor it became possible to produce radiomaterials in 
sufficient quantities to permit their wide-scale applica- 
tion in quantities both large and small. This opened up 
entirely new roles and new horizons for radioactivity. 

Radioactivity was not only the key to numerous de- 
velopments in atomic and nuclear science, but as a label 
or tag on atoms, namely, as a radioisotope, it has led to 
many new concepts in the physical and life sciences, 
particularly in biology. Undoubtedly there will be 
many other developments arising from the use of radio- 
activity in the years to come, but it is difficult to pre- 
dict the future scope and developments of isotope 
utilization. Certain areas, however, are subject to 
reasonable forecast. It will be the intent of this paper 
to discuss the current extent and possible future scope 
of isotope utilization, to describe the necessary role of 
chemistry, and finally to indicate wherein the chemical 
educator may contribute to future developments. 
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CURRENT SCOPE 


Since the start of the Atomic Energy Commission’s 
isotope distribution program in August, 1946, more than 
28,000 shipments of radioisotopes have been made 
from the production facilities in Oak Ridge, Tennessee, 
to some 1700 departments of nearly 1000 institutions 
throughout the United States. The shipments have 
gone to 46 states, the District of Columbia, and Hawaii. 

In addition, over 5000 shipments have gone to other 
AEC installations and nearly 1500 shipments have 
gone to some 34 foreign countries. And the program 
is continuing to expand rapidly. 

Added to the shipments from Oak Ridge are those 
from Brookhaven National Laboratory and Argonne 
National Laboratory. Also, more than 6000 ship- 
ments have been made from secondary commercial 
suppliers in the form of labeled compounds, sealed 
sources, and other specially prepared radiomaterials. 

If we were to survey the scientific and technological 
fields in which radioisotopes have been used, we would 
find them employed in nearly every phase of biological 
and physical research, as well as in many of the ap- 
plied problems of medicine, agriculture, and industry. 
Another measure of the nature and scope of radioisotope 
utilization may be gained by determining the number 
and types of laboratories using them. 

A check of isotope shipments by field of use shows 
that only about four per cent of the total number of 
shipments have been used for chemical research. 
Although the percentage would be somewhat larger if 
the comparison were made on the number of investi- 
gations rather than shipments, it would still not be 
large compared to the total. Does this mean then 
that chemistry can derive little benefit from the use of 
isotopes? Indeed, not. 

Instead, it means that chemists have been so pre- 
occupied in assisting isotope investigations in other 
fields that they have not taken the opportunity to 
exploit the use of these newly available tools in their 
own problems. It also means that not enough chem- 
ists have obtained the proper training and experience to 
handle radioactive materials. Although training of 
this type has been available to chemists within the 
atomic project, it is not generally available outside 
the project. Until it does become widely available 
through the normal curricula of colleges and univer- 
sities, the situation will undoubtedly continue to be a 
case of default by lack of numbers, not interest. 

On the other side, it should be pointed out that chem- 
istry is used in nearly every isotope tracer study under- 
taken. Indeed, isotope utilization is probably more 
dependent on chemistry than it is on physics. 


CONTRIBUTIONS OF CHEMISTRY 


The contributions of the chemist to the field of isotope 
utilization are many. They start with the basic con- 
tributions of nuclear chemistry research, follow through 
to the chemical aspects of isotope production, and finally 
make themselves more widely known in the applica- 
tions and studies carried out with the materials. 
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Nuclear Chemistry Research. Nuclear chemistry 
has proved to be as necessary and fruitful as nuclear 
physics. For example, chemical identification is an ex. 
tremely important and often necessary part of finding 
new isotopes. The first physicists to work with the 
cyclotron found that proper identification of the vari- 
ous isotopes produced during their nuclear studies 
often involved chemistry too complex for them to 
handle. Nuclear chemists had also been as active as 
physicists in measuring the radiation properties of a 
large number of radioisotopes. But perhaps most im- 
portant, the chemist has developed the whole field of 
radiochemistry, that is, the chemistry of trace amounts 
of radioactive material. These contributions have, of 
course, been directly applicable to isotope utilization. 

Radioisotope Production. Chemical processing may 
enter into three phases of radioisotope production; 
processing of target materials, processing of irradiated 
materials, and finally, processing of the radiomaterial as 
shipped in order that it may be used in a specific tracer 
study. The latter type of processing includes con- 
verting the radiomaterial into the proper chemical 
form or incorporating it into a complex labeled com- 
pound. 

As with other phases of radiochemistry, the chemistry 
associated with the production and processing of radio- 
materials is very exacting. Indeed, so exacting are 
many of the specifications that it is often necessary not 
only to purify the target materials to be irradiated but 
also the reagents used in the processing procedures. 
Although c.p. chemicals are used exclusively, sodium 
carbonate contains too much iron for certain separation 
procedures; nitric acid too much aluminum; hydro- 
chlorie acid too much lead; and aqueous ammonia too 
rauch silica. 

In some instances, contaminants may be present 
in target materials in such low concentrations as not 
to be distinguishable by chemical means. For ex- 
ample, in the production of high-purity radionickel, all 
traces of cobalt must be removed from the stable nickel 
target. To date it has only been possible to guarantee 
that objectionable amounts of cobalt have been re- 
moved through a radiochemical analysis following 
irradiation of the target. 

If the radiomaterial is formed by the neutron-gamma 
reaction the radioisotope formed is always the radio- 
active counterpart of the stable isotope used as the 
target material, and hence it is impossible to separate 
chemically the induced radioactive atoms from the 
residual stable atoms. In such instances, the choice 
and purity of the target materials are extremely im- 
portant. Where feasible a pure form of the element is 
used. When a compound must be used, the target is 
selected so as to produce, in addition to the desired 
radioisotope, either (1) no other radioactive isotope, 
or (2) a short-lived radioisotope, or (3) a radioisotope 
which may be easily separated from the product isotope. 

If a radioisotope is produced by transmutation or as 
a fission product, it must not only be separated from 
the irradiated material but from the other radioisotopes 
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present. A host of interesting problems have been 
encountered in the chemical processing of radioisotopes 
of this type, either because of the small amounts of 
radiomaterial handled or because the process has to be 
carried out remotely. In most cases less than a milli- 
gram of a radioisotope is extracted in a single batch 
from a very much larger amount of irradiated material. 
Often the amount of radioisotope is so small that it 
cannot be identified and measured except by the radia- 
tion which it emits. For example, one curie of short- 
lived radioiodine contains only 8 X 10-* g. of the 
radioelement and even one curie of long-lived radio- 
carbon contains less than 250 mg. of the isotope. 
The number of radioactive atoms handled in some proc- 
esses is so small compared to Avogadro’s number that 
the material does not obey the mass action laws of 
stoichiometry. 

In addition to the chemical purifications and sepa- 
rations that go into the production and processing of 
radioisotopes, the chemist is also responsible for con- 
verting the radiomaterial into a useful form. The 
many tracer uses made of radioisotopes have created 
demands for labeled compounds ranging from special 
modification of the simple basic compounds, through 
processing of the major intermediates, to the synthesis 
of complex compounds required for physiological and 
metabolic studies. To date, approximately 450 la- 
beled compounds are known to have been synthesized 
by chemical means and more than 275 of them are 
routinely available. 

Isotope Utilization. It is in the use of isotopic ma- 
terials that the chemist has made the greatest number 
of contributions. Chemistry not only serves as the 
basis for a number of the unique techniques associated 
with the tracer method but also as the means by which 
tracer products are separated and identified. Indeed, 
the isotope tracer method depends very largely on 
chemistry. 

Radioisotopes in their best known and most widely 
applicable role are used as tracer atoms. As such they 
serve as the basis for a new analytical technique— 
the tracer technique, which, because of its combination 
of sensitivity and unique specificity, is the most power- 
ful analytical technique known today. The sensitivity 
of the method is so great that it is not difficult to work 
at dilutions as high as a billion (10’) or ten billion (10") 
while dilutions of more than a trillion (10'*) are attain- 
able. This would mean detecting a microgram uni- 
formly mixed in over 1000 kg. or one ounce mixed in 
over 10 million tons! 

In addition, the specificity of the technique permits 
the independent labeling and tracing of a specific 
batch of atoms or molecules even in the presence of 
other atoms or molecules or the same substance, and in 
spite of multiple reactions with numerous other kinds 
of atoms or molecules. 

Another advantage of the tracer technique is that it 
is both qualitative and quantitative. 

What is often overlooked, however, particularly by 
those who have not yet employed radioisotopes in 
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their own research, is that the tracer technique does not 
always replace but often only supplements other ana- 
lytical techniques. Also, if the tracer technique is to 
be used for quantitative analysis, one cannot usually 
eliminate the intermediate chemical steps associated 
with other analytical procedures. Because of the 
great sensitivity of radioisotope detection, the chem- 
istry required in tracer analysis may often be even more 
exacting. 

The chemist, working with the physicist, has de- 
veloped three general ways in which radioisotopes may 
be used as analytical tools. These may be referred to 
as “tracer analysis,” “isotope dilution analysis,” and 
“activation analysis.” 

The first and simplest, tracer analysis, is designed to 
follow the fate of a radioelement or labeled material 
from one stage to a later stage of a reaction or process. 
It is primarily useful in determining the distribution 
of a specified material in a variety of end products. 
Depending on whether the radioactive label is added to 
the system in known amount, the technique may be 
either qualitative or quantitative. In either case, the 
advantages are that the determinations can be made at 
concentrations far below those permitted by other meth- 
ods. If the technique is to be used quantitatively, 
the total amount of material being traced must be 
determined accurately in the final stage of the reaction 
process. 

Isotope dilution analysis is a modification of tracer 
analysis. It is particularly suited for determining the 
amount of a substance in a process or system which is 
either present at a concentration too low to be measured 
by chemical or spectroscopic methods or which cannot 
be quantitatively separated from other materials in the 
system. The technique is based on_ introducing 
into the sample to be analyzed an amount of radio- 
element of known specific activity, that is, mixed in 
known ratio with stable atoms of the same element. 
Any change in this ratio will be due to the dilution 
caused by the amount of that element originally present 
in the system. The unknown amount of element origi- 
nally present in the system is thus determined by the 
change in the ratio of radioactive to stable element. 
The advantage of the technique is that it does not re- 
quire quantitative chemical separation and determina- 
tion of the total amount of element in the system. It is 
only necessary to do quantitative work on a small 
sample, this sample, of course, being chemically pure. 

Inverse isotope dilution is used when the labeled 
material is already present in the system. In this case 
a known amount of unlabeled compound is added and a 
sample subsequently removed for a specific activity 
measurement. The advantages here are that very 
small amounts or concentrations can be determined 
and the pure diluting compound added need not be 
labeled. 

The double dilution technique is used when neither 
the amount or specific activity of the labeled material 
is known. By running two dilutions and solving two 
simultaneous equations, it is possible to eliminate one 


{ 
° 


232 


of the unknowns and subsequently solve for both 
unknowns. 

Activation analysis, which incidentally only recently 
became an integral part of the Commission’s isotope 
distribution program and hence available for extensive 
use by non-Commission investigators, takes advantage 
of both nuclear physics and radiochemistry. It is 
based on the neutron irradiation of an unknown sample 
in the nuclear reactor, and the subsequent identifica- 
tion of the radioisotopes induced. The various radio- 
isotopes thus produced are identified by their specific 
radiation characteristics. The technique can be either 
qualitative or quantitative and is particularly useful 
where the concentrations of the unknown element are 
too low to be identified by chemical or spectroscopic 
methods or where standard methods of analysis are not 
satisfactory because of interfering contaminants. Sensi- 
tivity of detection ranges from 10~* to 10~"' g., that 
is, this is the amount of an element that will produce 
sufficient activity to be measured after the element has 
been exposed to a predetermined neutron flux for a given 
period of irradiation. 

As has already been pointed out, the isotope tracer 
technique derives its power from its great sensitivity 
and specificity. Sensitivity is primarily concerned with 
the detection and measurement of radioactivity and 
hence is not the primary responsibility of the chemist. 
Specificity, on the other hand, depends on careful sepa- 
ration and identification procedures, which are chemical 
techniques. Further, the final radioactivity measure- 
ments in a tracer experiment are only as significant as 
the preciseness of the techniques used to separate and 
identify the samples. 

The chemist has had to devise new methods and adapt 
others to meet these strict separation and identification 
prerequisites. Those employed to date include ion 
exchange, chromatographic, and isotope derivative 
techniques. Althcugh time does not permit a detailed 
discussion of the ways in which these three techniques 
have been used, a brief description of the latter two may 
be in order since they may not be as widely known. 

Paper chromatography has proved a particularly 
useful technique since it permits separation and iden- 
tification to be made in the same operation. The un- 
known compounds are permitted to move in a solvent 
along a strip of filter paper. As in the case of column 
chromatography, individual compounds or mixtures of 
compounds separate out at various distances from the 
point at which the solvent was added. Identification 
of the separated compounds may then be made by 
comparison with known chromatograms or by a com- 
bination of radiochemical and microchemical tech- 
niques. Also, autoradiography has been found to be 
a helpful adjunct to paper chromatography. Recently, 
two-dimensional paper chromatography has been in- 
troduced into isotope work. Two-dimensional chro- 
matography offers the advantage of a second order of 
separation. After one solvent has caused the products 
of an unknown mixture to move along one dimension 
of the paper, a second solvent is added in such a manner 
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that the newly separated products move in a second § 


path at a right angle to the path of the original sepa. 
ration. 

The isotope derivative method, like paper chroma- 
tography, will probably find widest application jn 
biological tracer studies. Briefly, it is a method for 
estimating organic compounds in the form of isotop- 
ically labeled derivatives. To a mixture containing 
the compounds to be analyzed is added a reagent 
containing an isotope under such conditions that the 
compounds in question areconverted intoisotopic deriva- 
tives of the reagent. The isotope derivative method 
becomes quantitative (1) when quantitative yields are 
obtained of the isotopic derivatives during the reaction 
with the isotopic reagent as well as in subsequent iso- 
lations or (2) when a known amount of the compound 
being analyzed for, labeled with a second isotope, is 
introduced into the mixture as an indicator. The re 
covery of the second isotope in any pure isolated sample 
of the isotopic derivative may be used to correct 
both the lack of quantitative yield and recovery ob- 
tained with the derivative of the original isotopic 
mixture. 

For example, to determine glutamic acid in an amino 
acid mixture, one reacts the mixture with a certain 
radioiodine-labeled reagent, adds a known amount of 
very pure radiosulfur-labeled glutamic acid, and then 
separates the amino acids by chromatography. If 
the ratio of counts of radioiodine to radiosulfur is de- 
termined in successive small strips over the glutamic 
acid band, one can identify with certainty and measure 
the amount of glutamic acid in the original mixture. 

And throughout the course of all tracer experiments 
the isotope user must be continually aware of pitfalls. 
Potential pitfalls lie in each of the seven criteria of 
tracer methodology, namely: radiochemical purity, 
single chemical state, exchange error, degree to which 
the tagged molecule remains intact, isotope effect, 
chemical effects, and radiation effects. It is primarily 
the responsibility of the chemist to see that such pitfalls 
don’t invalidate the results of tracer experiments. 


FUTURE 


The future extent of isotope utilization will, of course, 
depend on a number of factors. For example, it will 
depend on the continued and expanded availability of 
isotopic materials, on more scientists acquiring the 
training to handle and use radioisotopes, and on a 
wider applicability of the tracer technique. Taking 
each of the factors separately, we find: first, that 
future radiosotope production will be sufficient to meet 
all demands, since nuclear reactors have proved their 
unique ability as production units and more reactors 
are continually being put into operation; second, even 
though lack of trained people is still a major bottleneck, 
this situation will gradually improve by informal 
training if not by formal training; and third, scientists 
in increasing numbers are gaining a general ‘feeling” 
for the tracer method to the extent that it is becoming 
common practice in attacking research problems to see 
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whether the isotope technique can be applied advan- 
tageously. 

Perhaps the most important long range factor, how- 
ever, is the question of whether the power of the tracer 
technique can be improved. For instance, have we 
arrived at the ultimate in the ability to trace atoms? 
Is there any possibility of pushing forward the limits of 
the technique? 

It is only by pushing forward the working limits of 
sensitivity of measurement, and the specificity of 
separation and identification techniques that the tracer 
method can be made more productive. 

Physical and Chemical Advances. The principal 
areas in which the tracer method can be improved by 
“physics” are production and instrumentation. There 
have been a number of recent achievements in both 
areas. For example, the development of high-flux 
reactors makes it possible to increase the specific 
activity of radiomaterials produced by neutron-gamma 
reactions. With an increase in the atom per cent of 
radioactivity in a tracer material, greater dilutions are 
permitted in its use. 

The sensitivity of instruments now available per- 
mits radiation measurements that are only slightly 
above background. Using the readily obtainable sen- 
sitivity of present commercial instruments and without 
earrier-free materials, dilutions as high as 10° and 10'° 
have been possible. It has recently become possible 
by using anticoincidence methods, such as are used in 
carbon 14 dating and tritium water analysis studies, to 
count down to a fraction of the cosmic-ray background. 
Other recent improvements in instrumentation include 
the development of liquid scintillation counters and 
improved gas-filled counters. 

The combined effect of these improvements in pro- 
duction and instrumentation means that from a purely 
physical aspect the tracer method is even now being 
pushed to its utmost—to the theoretical limits of 
dilution which as previously noted may be greater than 
a trillion. Certain biological studies have already 
begun to demand that measurements be made at the 
greatest possible dilutions. Although further refine- 
ments will undoubtedly be made, it is doubtful that 
these will be able to push forward significantly the 
physical working limits. 

We have already noted the contributions of chemis- 
try to the advancement of the tracer technique. Many 
more, however, remain to be made. A number of 
newer techniques have not as yet been completely 
developed or extensively exploited. Of special note 
are double isotopic labeling, two dimensional paper 
chromatography, the isotope derivative method and 
activation analysis. Since the working limits of the 


tracer method, as far as the physical aspects are con- 
cerned, are already being pushed to their utmost, most 
of the improvements to be made in the future will have 
to be in the form of chemical advances. 

As the physical and chemical techniques associated 
with the tracer method are advanced, isotope utilization 
will expand because more and more problems will be- 


233 


come subject to study by the tracer method. To make 
such advances, however, will require the efforts of 
more investigators. This leads us to the obvious con- 
clusion that we will have to train more chemists in the 
field. 


TRAINING 


Numerous references have been made to the need for 
more chemists trained in handling and using radio- 
istopes. The radioisotope is one of the most valuable 
analytical tools now known, yet the chemist is seldom 
exposed to it during his educational training. The 
problem, however, is not as simple as it may first appear. 

First, with a few exceptions, such training is not now 
available. Chemists working with the atomic energy 
project, of course, obtained experience in handling and 
using radioactivity. Outside Commission programs, 
a limited number obtain the necessary rudiments 
through the basic training course in isotope techniques 
offered by the Oak Ridge Institute of Nuclear Studies. 
An even smaller number are fortunate enough to obtain 
such training in one of the few universities and colleges 
now offering students the opportunity to study radio- 
chemistry and isotope tracer techniques in formal 
graduate courses. 

There is no simple formula for immediately filling this 
need. A lecture-laboratory course incorporated into 
the curriculum as part of the analytical course work now 
carried by the chemistry student would be a step in the 
right direction. It is difficult to say whether such train- 
ing should be made part of the undergraduate or 
graduate work. Perhaps it should be offered at both 
levels. In either case, it would increase the number of 
chemists who would be able to determine wherein 
radiosotopes might be used to advantage in any future 
research in which they might participate. 

But the training problem is much broader than this. 
The same training should also be made available to the 
students of physics, biology, and other sciences as well. 
Ideally, the course should be suited for students of 
different majors. Such a course might logically be 
offered by the chemistry department. Care should be 
taken to avoid having the general “isotopes techniques 
course” become largely a ‘‘radiochemistry course,” 
thereby scaring away the physics and biology students. 
Perhaps this could be done through an interdepart- 
mental effort with faculty representation for each of the 
departments concerned. 

In any event, the isotope technique places a real 
responsibility on the educator. 


CLOSING REMARKS 

In our emphasis on the problems associated with 
isotope utilization and chemistry’s essential role, we 
have intentionally touched only briefly on the outstand- 
ing accomplishments of isotopes. In closing, however, 
we should like to point out a few of these accomplish- 
ments. 

Physiologists have been able to develop new concepts 
of the dynamic state of body constitutents and to de- 
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velop an entirely new technique for studying the syn- 
thesis, transport, utilization, and breakdown of various 
body components. Isotopes have contributed immensely 
to our understanding of photosynthesis and it is 
now apparent that an understanding of this basic 
conversion of solar energy to chemical and life energy 
may some day have great consequences. Isotopes have 
shed considerable light on our knowledge on the me- 
chanics of chemical and physical-chemical reactions. 
In medicine, isotopes have not only proved a valuable 
tracer in clinical research but also have proved in a 
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number of instances to be useful diagnostic and thera. 
peutic aids. And finally, isotopes have helped solve 
problems that could be solved in no other way in nearly 
every field of scientific and technological development, 

Foreseeing an abundant supply of suitable isotopic 
materials, foreseeing rapid physical and chemical ad- 
vances to the ultimate limits of the isotope technique, 
and finally foreseeing educators meeting the need for 
more trained specialists, we can predict much more ex- 
tensive and valuable use of radioisotopes in the years to 
come. 


EDWARD DIVERS AND THE CHEMISTRY OF 


NITROGEN COMPOUNDS' 


‘Epwarp Divers was born in London, of Kentish 
ancestry, on November 27, 1837 (1). He was one of 
three children. As an infant he had an attack of 
inflammation of the. eyes. This illness weakened his 
vision permanently, and the defect could not be reme- 
died by eyeglasses. Years later an explosion in his 
Japanese laboratory made matters much worse, and 
Divers lost almost the entire sight of his right eye. 
Despite this great handicap, Divers left behind him an 
impressive record of detailed research investigations 
involving the keenest powers of observation. 

At the age of 13, Divers entered the City of London 
School. One of the teachers there was Thomas Hall, 
a former student of A. W. Hofmann at the Royal 
College of Chemistry. Hall gave experimental lec- 
tures in chemistry between regular class hours, and 
attendance at these was voluntary. Divers was an 
interested student at these lectures. 

From the School Divers moved on to the Royal 
College of Chemistry, then located in Oxford Street, 
and studied for one year under Hofmann. A fellow- 
student was William Perkin, and an assistant on the 
staff was William Crookes, from whom Divers received 
valuable training in exact methods of investigation. 

Divers became a junior assistant in Stenhouse’s 
laboratory in St. Bartholomew’s Hospital Medical 
School the following year. Here again he worked 


1 Presented before the Division of the History of Chemistry at 
the 122nd Meeting of the American Chemical Society, Atlantic 
City, New Jersey, September, 1952. 
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among future scientists of note, for Abel was then an 
assistant, and both Kekulé and H. Buff worked at the 
same benches with Divers. 

It has been pointed out elsewhere that there was a 
close link between the Royal College of Chemistry and 
the various Queen’s Colleges which Prince Albert was 
responsible for founding in various Irish centers at 
mid-century (2). The early holders of the chemistry 
chairs in these new colleges were largely members of 
Hofmann’s original group. Edmund Ronalds (3), 
who had been assistant to Liebig before working with 
Hofmann, became professor of chemistry in Queen’s 
College, Galway, in 1849. Five years later he asked 
Divers to join him as an assistant. Thomas Rowney, 
another of the Hofmann school, succeeded Ronalds in 
1856, and Divers continued as his assistant also. 

Divers accepted the Irish appointment with two 
objectives in mind. First, he wanted to take the 
University degree in medicine, one of the few scientific 
degrees then available. Secondly, he wanted to take 
advantage of the opportunities offered for teaching and 
for research in chemistry. He achieved both ends, for 
he was awarded his M.D. degree in 1860 and he spent 
some 12 years in Galway as assistant and demonstrator 
in chemistry. He had a natural ability as a teacher 
and had a reputation as a popular lecturer, giving 
series of public lectures in chemistry for the first time 
in various towns in the west of Ireland. 

He left Ireland permanently in 1866 and held a num- 
ber of teaching appointments in England in the years 
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immediately following. He was at various times a 
lecturer in materia medica at Queen’s College, Birming- 
ham, in physics at Charing Cross Hospital Medical 
School, and in medical jurisprudence at Middlesex 
Hospital Medical School. This latter post gave him 
a background in forensic medicine which made him 
something of an expert on scientific criminology in 
later years. He was also lecturer in chemistry at the 
Albert Veterinary College and contributed special 
reports on the quality of the London milk supplies. 

In 1873, at the invitation of the Public Works De- 
partment of Japan, he and ten other British specialists 
went to that country to found a College of Engineering. 
Japan had just begun the task of remodeling its civi- 
lization by the systematic introduction of western 
sciences and institutions, and as part of the plan a series 
of schools of liberal and technical education were 
planned for the Tokyo area. 

Divers’ task was the teaching of general and applied 
chemistry. His original appointment was for five 
years, but in all he spent 26 unbroken years in Japan. 
In 1882 he became principal of the College as well as 
professor of chemistry. In 1886 the Engineering 
College was merged into Tokyo University, where 
Divers was professor of inorganic chemistry till 1899 
when he returned to England. 

The first seven or eight years of his Japanese appoint- 
ment were fully occupied with supervising the building 
of his laboratories, a heavy teaching schedule, and the 
execution of a large variety of chemical and mineral- 
ogical analyses for various government departments. 
However, from 1881 onward the volume of his research 
papers reached substantial proportions. In addition 
he trained and inspired with his own enthusiasm a 
school of younger chemists who won notable recogni- 
tion later. These included such well-known names as 
Haga, Takamine, Shimidzu, and Nakamura. His 
colleague Sakurai wrote from Japan after Divers’ 
death that he “will be forever remembered in this 
country as the great promoter of chemical science’’(4). 

Two personal tragedies marked Divers’ home life in 
Japan. First his only son, Frederic, who was a member 
of the Chinese customs service, died of a sudden illness 
in Amoy. Then his wife, the former Margaret Theresa 
Fitzgerald of Mayfield, Cork, Ireland, died in Tokyo 
in 1897. He had two daughters, but both of these 
were married in Japan, one to a French military atta- 
ché and the other to an English businessman. Lonely 
and in failing health, he decided to return home in 1899. 

On leaving Japan he was made professor emeritus of 
the University of Japan. In 1886 the Japanese gov- 
ernment had honored him with the order of the Rising 
Sun of the Third Class. To this was added on his 
retirement the Order of Sacred Treasure of the Second 
Class. At the entrance to the College of Science in 
Tokyo his many friends erected a bronze memorial 
likeness in his honor (4). 

Back in England Divers took an honored place in 
chemical affairs. His house was described as the Mecca 
of Japanese students visiting London. In 1885 the 


Bronze Likeness of Edward Divers 
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Royal Society had elected him a Fellow in recognition 
of his important contributions to the general progress 
of chemistry. His old University in Ireland, repre- 
sented by the Royal University, awarded him the 
doctor of science degree honoris causa. He was vice- 
president of the Chemical Society in 1900; president 
of the chemical section of the British Association in 
1902; president of the Society of Chemical Industry 
and vice-president of the Institute of Chemistry in 
1905 (6). 

In his later years Divers was remembered best as the 
central figure of groups of younger workers who looked 
to him as a leader, particularly in the fields he had made 
his own. A few years before his death he revisited 
Galway and, although almost blind, he took the greatest 
interest in feeling his way through the laboratories 
where he had worked half a century earlier. He dis- 
covered in the basement the remains of the old appa- 
ratus and equipment which he had once used in his 
classes (7). 

Following an operation and a painful illness Edward 
Divers died at his home in Kensington on April 8, 
1912, and was interred at Brookwood, Surrey. Nota- 
ble among the many tributes paid to him by his former 
students and associates was that of Sakurai, who 
wrote from Japan: ‘Divers spent the best part of his 
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life in this country and by his teaching and example 
during this long and meritorious service he greatly 
promoted the development of chemical science in 
Japan, besides contributing very largely to the general 
progress of chemistry” (8). 


SCIENTIFIC WORK 


The year in which Divers received the M.D. degree 
in Queen’s College, Galway, he joined the Chemical 
Society. Two years later he published his first paper, 
a careful study of magnesium ammonium carbonate; 
and six years later, in 1868, he published a similar 
study of zine ammonium chloride. In 1870 he pub- 
lished three papers describing his classical investigation 
of the carbonates and carbamate of ammonium. He 
showed for the first time (9) that there were at least 
three well-defined ammonium carbonates, the normal 
carbonate, the hydrocarbonate, and the sesquicar- 
bonate. His study of preparative methods, composi- 
tion, and reactions of ammonium carbamate (/0) was 
characterized by extreme accuracy and exceptional 
keenness of observation. 

In 1863 Divers had studied the spontaneous change 
which guncotton undergoes with the formation of 
gelatinous acids, and then in 1871 appeared two papers 
in which he began the study of nitrites and announced 
his discovery of the hyponitrites. He found (//) that 
when a solution of sodium nitrite or nitrate is treated 
with sodium amalgam the nitrite or nitrate is reduced 
to sodium hyponitrite: 


2NaNO; + (8H) = 4H,O + Na2N.O, 


In 1873 he studied the interaction of ammonia and 
ammonium nitrate. These studies were later to be 
extended very considerably during his time in Japan. 

As pointed out earlier Divers’ first years in Japan 
were fully occupied in placing his department on a 
sound footing. However, from 1883 onward his name 
appeared with great frequency in the scientific journals. 

His first original research work in Japan was in con- 
nection with tellurium and selenium ores which he 
found associated with Japanese sulfur deposits, and 
which he later obtained in some quantity from the lead 
chamber deposits of the Osaka sulfuric acid plant (12). 
The difficult problem of separating small amounts of 
selenium from impure tellurium ores had occupied the 
attention of Berzelius and many other chemists. 
Rose (13) had observed that selenium is imperfectly 
precipitated in the presence of sulfuric acid alone, but 
Divers and his assistant Shimosé showed that this was 
true only in dilute acid, for precipitation is complete 
when sufficiently concentrated acid is used. Based 
on this observation they devised a new and simple 
method for the separation of selenium and tellurium 
(14). They also investigated tellurium monoxide and 
showed for the first time that when heated in hydro- 
chloric acid gas it is converted to tellurium dichloride. 
They also studied extensively tellurium sulfotrioxide 
(TeSO;), which is a product of the reaction of sulfur 
trioxide and tellurium (1/4). 
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Divers’ activity as an investigator became suddenly 
prominent about 1884-85 when he published no legs 
than 24 papers in the Journal of the Chemical Society 
alone. The majority of these, and of his subsequent 
papers, deal with the chemistry of nitrogen and sulfur 
compounds, a subject to whieh he contributed more than 
any other single chemist. In the compass of this study 
it is impossible to summarize even briefly the immense 
amount of work done by Divers in the field, and littie 
more can be attempted beyond a listing of the more 
significant highlights. 

In a continuation of his earlier work on hyponitrites 
Divers, in collaboration with Haga (16), established the 
composition of silver hyponitrite to be (AgNO), 
against the formula Ag,N4Os asserted to be true by 
Berthelot and Ogier. Several new modes of formation 
of hyponitrites were discovered at the same time. _Inter- 
esting among these was the ready decomposition of an 
oxyamidosulfonate (which we would nowadays des- 
ignate as a salt of hydroxynitrilodisulfonic acid) by 
excess concentrated alkali to yield a hyponitrite and a 
sulfite : 


2N(OK)(KSO3;). + 4KOH = (IKON). + 2K, SO; + + 2K,80 


This reaction afforded proof that in hyponitrites the 
metallic radical is not in direct union with nitrogen, but 
is linked to it through oxygen. The reaction is also 
significant in that it gives a means of preparing large 
quantities of hyponitrites, and is in fact the basis for 
Kirschner’s method of preparation. 

In another paper (77) Divers and Haga made a strong 
case for the sulfonic or unsymmetrical constitution of 
inorganic sulfites. One of his main points was the 
experimental fact he established that, when phosphorus 
oxychloride acts on sodium sulfite, one half of the 
sodium goes to sodium chloride while the other half 
goes to sodium phosphate: 


3S0.(Na)(ONa) + POC]; = 3NaCl + (NaO);PO + 


The only experimental evidence in favor of a symmet- 
rical constitution for the sulfites available at that time 
lay in the deduction of Carius that the thionyl chloride 
formed by the action of phosphorus pentachloride on 
inorganic sulfite was a direct product of the reaction. 
Divers pointed out that this view was incorrect in that 
the thionyl chloride was evidently merely the result of 
a secondary reaction between sulfur dioxide and 
phosphorus pentachloride. 


More recent work (/8) seems to indicate that there 
is as yet no definite evidence of the existence of isomeric 
potassium sodium sulfites, namely, KO.SO..Na and 
NaO.SO..K. The inference, therefore, is that the 
graphic formulas of the sulfites correspond to two 
symmetrically placed hydroxyl groups in sulfurous 
acid representing it graphically as HO—SO—OH. In 
addition, Pascal’s work (19) on magnetic observations 
favors the SO(OH), formula. However, it is worth 
noting that the negative results obtained to date in 
attempts to prepare isomeric potassium sodium sul- 
fites do not prove conclusively that an unsymmetrical 


MAY ’ 


acid ¢ 
is onl 
unde! 
the 
24, I! 
kept 
badly 
it wa 
but | 
could 
the s 
Desp 
accel 
dent 
tende 
work 
he sp 
labor 
In 
orate 
num 
as th 
Dive 
hydr 
sulfic 
alia, 
(OH 
Fu 
good 
show 
of th 
by h 
by 
carb 
show 
from 
zinc 
duct 
hydi 
form 
mail 
not 
an 
The 
favo 
nati 
By 
four 
neal 
hyd: 
thos 
gen 
nur 
com 
sulfi 
only 
agai 


; 
oy 
. 
4 
4 
= 
: 


ATION 


Idenly 
10 legs 
Society 
quent 
sulfur 
e than 
study 
mense 
littie 
more 


itrites 
the 
le by 
ration 
Inter- 
of an 

des- 
1) by 
ind a 


s the 
but 
large 
for 


rong 
yn of 
; the 
LOTUS 
the 
half 


met- 
time 
yride 
e on 
tion. 
that 
It of 

and 


here 
eric 
and 
the 
two 
rous 
In 
ions 
orth 
e in 
sul- 
rical 


MAY, 1953 


acid does not exist, but may merely indicate that there 
is only one stable or favored configuration of the salt 
under the specific experimental conditions. 

It was in the course of this work that Divers suffered 
the eye injury mentioned earlier. On November 
24, 1884, a bottle in which phosphorus oxychloride was 
kept in the laboratory exploded violently, and he was 
badly cut about the face by glass splinters. For a time 
it was feared that he would lose his sight altogether, 
but he eventually regained partial vision. Though he 
could no longer recognize friends when he met them in 
the street, he could read with one eye at close range. 
Despite this serious handicap the pace of his work 
accelerated rather than diminished. In fact, the acci- 
dent which cut him off from so many normal interests 
tended to make him concentrate even more on scientific 
work. In vacations as well as during the school year 
he spent almost all his waking hours at his bench in the 
laboratory. 

In one aspect of his work on the sulfites he collab- 
orated with Shimidzu on an exhaustive study of the 
numerous sulfites of mercury, a work which still stands 
as the major report in his highly complex field (20). 
Divers and Shimidzu also investigated the calcium 
hydrosulfites (2/) and obtained solid calcium hydro- 
sulfide for the first time. This paper showed, inter 
alia, the constitution of the compound formed (Ca- 
(OH)(SH)) from slaked lime in sulfide purifiers. 

Fulminic acid and hydroxylamine also attracted a 
good deal of Divers’ attention. He and Kawakita 
showed (22) that formic acid formed a significant part 
of the products of decomposition of mercury fulminate 
by hydrochloric acid. This fact had been overlooked 
by earlier workers who were puzzled by the fate of the 
carbon of the fulminates on decomposition. Divers 
showed in a study of the formation of hydroxylamine 
from nitric acid (23) that of all the common metals 
zine or tin is best suited for effecting the reduction. 

Divers and Shimidzu (24) believed that, in the re- 
duction of dilute nitric acid by zinc, ammonia and 
hydroxylamine are not consecutive products but are 
formed by parallel and independent reactions. They 
maintained that hydroxylamine when once formed is 
not readily reduced to ammonia, and is therefore not 
an intermediate stage in the reduction to ammonia. 
They also showed that the presence of sulfuric acid 
favored the formation of hydroxylamine, but no expla- 
nation of this peculiar effect has yet been advanced. 
By using a considerable excess of sulfuric acid they 
found, in accord with Kinnear’s observations (25), that 
nearly all, if not all, the nitric acid not converted to 
hydroxylamine is converted to ammonia. 

Probably Divers’ most intensive series of studies were 
those carried out on the chemistry of sulfonated nitro- 
gen compounds. With Haga (26) he showed that the 


numerous complex acids belonging to this group of 
compounds were the products of the reaction between 
sulfurous and nitrous acids, the base being essential 
only in so far as it protects the products of the reaction 
against hydrolysis, and that, contrary to the views of 
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earlier workers, normal sulfites and nitrites have no 
action whatever on each other. They also showed that 
the primary product of the interaction of sulfurous 
and nitrous acids is always hydroxylaminedisulfonic 
acid and nothing else, no derivative of dihydroxyl- 
amine or of any quinquevalent nitrogen ever being 
formed. All the substances supposed by others to 
be such were proved to be merely double salts of 
hydroxylaminedisulfonate and alkali nitrite, with or 
without alkali replacing the hydroxyl hydrogen of the 
disulfonate, and to be obtainable by synthesis from 
hydroxylaminedisulfonate, alkali nitrite, and alkali 
hydroxide (27). The chemistry of these rather com- 
plex compounds was thus considerably simplified. 

In his later years in England the record of Divers’ 
work on the oxides of nitrogen and sulfur made him a 
recognized authority on the reactions in sulfuric acid 
chambers and on the composition of alkali waste (28). 

The record of the chemical work carried out by 
Edward Divers would in itself be noteworthy. The 
part which he played in shaping the destinies first of 
the new chemical school of Queen’s College, Galway, 
Ireland, and later of the University in Tokyo, Japan, 
make him of even greater significance in the develop- 
ment of modern chemical education. In an era that 
produced many of the great men of chemistry, the 
name of Edward Divers deserves also to be remembered. 
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THE ALGEBRA OF SIMULTANEOUS 
EQUILIBRIA 


DAVID DAVIDSON and KENNETH GELLER 
Brooklyn College, Brooklyn, New York 


A asor part of the theoretical back- 


ground for qualitative analysis consists of 
quiuivorium quilvortum constan 
+ 
trolytes. Three of these types of equilibria Ka K. = 
involve acid-base reactions; two solubili- 
ties; and one, oxidation reduction. These Ky - K, =» 
reversible processes and their equilibrium 
constant expressions are exemplified in K; Instability constant; e. K, = ‘Ag*1INHs!? 
Table 1. Ag(NH;).* = Ag* + “SNH,  [Ag(NHg)2*] 
Numerous problems arise in which two Kw Solubility produet e.g Ky = (St**][80,--] 
of these fundamental types of equilibria (solid)SrSO, = + 80,-- 
or two different examples of the same K, Intrinsic solubility of a weak electro- __ 
fundamental type are involved simultane- lyte; K, = [HS] 
ously. For example, the solubility of sil- (gas; 1 atm.)H.S = HS (dissolved) 
ver chloride in ammonia solutions depends K, Oxidation-reduction; e. K. = [Fe* +] [Fe(CN),°] 
upon both the solubility product of silver Fest + Fe(CN)s +] 
e(UN 


chloride and the instability constant of di- 


amminesilver ion. In such cases, at least 

one dissolved species is common to the two reversible 
processes involved (in the example given, silver ion is the 
common species). The two equilibria may, therefore, 
be referred to as simultaneous equilibria. 

The conventional method of solving such problems 
has recently been criticized by Boyd! because it entails 
solving one of the equilibrium constant expressions to 
obtain the value for the concentration of the common 
species and then substituting this value in the second 
equilibrium constant expression. The student, com- 
plains Boyd, “‘is expected to see that two equilibria are 
involved.” In addition Boyd objects to the unneces- 
sary work of calculating the concentration of the com- 
mon factor. (This may, of course, be avoided by solv- 
ing the first equilibrium constant expression algebrai- 
cally and then substituting into the second expression 
before introducing numerical values.) 

Boyd has developed a procedure in which he writes 
the overall equation and a corresponding overall 
equilibrium constant expression. In order to evaluate 
this constant, however, he must multiply the expression 
algebraically by the ratio, common species/common 
species, or some power of it. This species is not selected 
for the reason that it is recognized to be the common 
species in two equilibria but simply because it is ‘‘ob- 
vious” that the introduction of this species will allow a 
known equilibrium constant expression to be separated 
from the resulting algebraic expression, leaving a resid- 
ual expression, which is then recognized as some other 
equilibrium constant expression (or a power or recipro- 
cal thereof). 


1 Boyp, R. N., J. Cuem. Epuc., 29, 198 (1952). 


Both Boyd’s method and the conventional one suffer 
from the drawback of operating on equilibrium constant 
expressions. The present paper proposes a method 
which employs the simpler process of operating on the 
chemical equations themselves together with the symbols 
for the equilibrium constants (not their expressions). 
The possible value of this approach is illustrated below 
in asystematic survey of cases of simultaneous equilibria 
and by some typical problems. 


RULES FOR SIMULTANEOUS EQUILIBRIA 


The proposed method for dealing with simultaneous 
equilibria involves a simple algebra which is described 
by the following rules. 


(1) If a chemical equation is written in reverse the equi- 
librium constant for this reaction is the reciprocal of the 
equilibrium constant as usually written. Thus if 


HA + H.0O = H;0+ + A- 
has the constant, K,, then 

H;,0+ + A~ HA + 
has the constant, 1/K,. 


(2) If the coefficients in a chemical equation are mullti- 
plied by an integer, n, the equilibrium constant for this proc- 
ess 1s the nth power of the usual equilibrium constant. 
Thus, referring to the example given in Rule 1, 


2HA + 2H,0 @ 2H;0* + 2A- 
has the constant, K,?. 


(3) If the chemical equations for two simultaneous re- 
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actions are added, the equilibrium constant for the re- 
sultant reaction is the product of the equilibrium constants 
for the separate reactions. The equations should be writ- 
ten in such a way that the common species appears on 
opposite sides in the two equations and with the same 
coefficient (Rules 1 and 2 are applied). The overall 
equilibrium constant expression may be obtained from 
the overall equation in the usual way. The simple 
operation outlined in Rule 3 is the equivalent of solving 
one of the two equilibrium constant expressions alge- 
braically for the common species and then substituting 
the result in the second equilibrium constant expression, 
as may be done in the conventional method. In such 
systems, three equilibrium constants are satisfied, the 
two simple ones and the overall constant. 

Recognition of the principles of simultaneous equi- 
libria allows a systematic survey of cases. These may 
involve not only two different fundamental types of 
equilibria but also two examples of the same fundamen- 
tal type. More than two simultaneous equilibria may 
be added in one operation by a simple extension of Rule 
3. The mathematically possible cases of simultaneous 
equilibria involving the six fundamental types taken 
two at a time are given in Table 2. One of these (K,- 
K,) is not chemically possible. 


TABLE 2 
Ka-Ka 
K.-Ko Ki-Ko 
Ke-Ki K-Ki 
Ka-Ksp Kv-Ksp Ki-Ksp K.-Ksp 
Ki-K,; Ki-K,; K.-K, Ks,-K; K,-k,; 


ACIDS AND BASES 


K,-Ky. Diprotic acids of the type, HD, undergo 
successive protolyses. These constitute simultaneous 


equilibria. Thus, 
Process Constant 
H.D + H.O = H;0*+ + HD- Ka 
HD- + H.O H;,0+ + D-- Ka, 
Adding, H.D + 2H.O 2H;0* + Ka.Ka, 


that is, 


The overall protolysis, therefore, has a constant 
which is equal to the product of the first and second 
protolysis constants. Furthermore, if [H2D] = [D~~] 
(which is true in an aqueous solution of NaHD), then 


[H;,0+]? = KaKa, 
and 
[H;0+] = V Ka,Ka, 


or 


pH = '/2 (pKa, + pKa,) 


By reversing the second equation another important 
relationship is obtained. 
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Process Constant 
H.D 2 H;0+t + HD- Ka 
H,0*+ + D-- 2 H,0 + HD- 1/Ke, 
H.D + D-- = 2HD- Ka/Ka, 
that is, 
K = _ = Ka 
[D~~] Ka, 
Hence, in a solution of NaHD in which [H,.D] = [D~~] 
(HD-] _ 4/Ka 
Ka, 


The ratio, [HD~]/[H2D], is a measure of the extent to 
which HD~ is converted to a mixture of HpD and D-~. 

These relationships are useful in calculating the pH’s 
of solutions of “acid salts” such as NaHCO; and NaHSO; 
as well as the isoelectric points of ampholytes of zero 
net. charge such as glycine, +NH;CH:;COO-. They 
may also be employed to obtain the proportion of dipro- 
tic acid and base in equilibrium with the “acid salt” or 
ampholyte. 

Problem 1. Calculate the pH of a solution of sodium 
bicarbonate and the ratio of carbonate ion to bicarbon- 
ate ion. 

Solution: 


pH = 1/2 (pKa, + pKa) = '/2 (6.37 + 10.33) = 8.35 
The ratio, 
[CO;--]/[HCO,-] = VKz,/Ke, = 

V/ 10 = 10-198 = 1/199 (approx.) 


Similar relationships are obtained for the reaction of 
an acid, HA, with a base, B, for which the simultaneous 
equilibria are shown below. 


Process Constant 
HA + H.O = H;0+ + A- Ka, 
H;0+ + B @ BH?* + H.O 1/Ka, 
HA + B @ BH*+ + Ka,/Ko, 


If [HA] = [B], then [BH*+] = [A-] and 


[BH*+] _ ./Ka 


The pH at equilibrium when equivalents of HA and B 
are reacted may be obtained by reversing the second 
equation of the two given just above. 


Process Constant 
HA + H.O = H;0+ + A- Ka, 
BH+ + H.O 2 H;0+ + B Ka, 
HA + BH?+ + 2H.0 = 2H;O+ + A~ +B Ka,Ka 


If [HA] = [B] and [BH+] = [A~], then 
[H;0+*]? = Ka,Ka, 
and 
[H;0+] = V Ka,Ka, 
or 
pH = '/: (pKa, + pKa,) 


that is, the pH at equilibrium in reactions between 
equivalent quantities of HA and B is equal to one-half 
the sum of the two pK,’s (i. e., those of HA and BH*). 


i 
ant 
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Problem 2. One equivalent of ammonia is mixed 
with one equivalent of hydrocyanic acid in dilute 


solution. Calculate the pH of the solution and the ratio 
of ammonium ion to hydrocyanic acid. 
Solution: 
H = '/2 (pKa, + pKa,) = 1/2 (9.4 + 9.25) = 9.33 
The ratio, 
[NH,*]/[HCN] = = 1 (approx.) 
K,-K,. The equilibria involved in the acidity and 


basicity constants of an acid, HA, and of its conjugate 
base, A~, are simultaneous equilibria. 


Process Constant 
HA H,O H;O+ A Ke 
A-~ + H.O @ HA + OH- Ke 
H.O + H.O @ H;0*+ + OH- 
hence, 
K = [H,0+](OH-] = Ky = = 10—"* (25°) 
and 
pKa + pKs = 14 (25°) 
K,-Ky. The over-all basicity constant of a diprotic 


base, D~~, is equal to the product of the first and second 
basicity constants. 


Process Constant 
D-- + H.O @ HD- + OH- Kp, 
HD- + H.O H.D + OH- Ko, 
+ 2H.0 @ H.D + 20H- Kp, Ko 


The stability of the ampholyte HD~ may be expressed 
in terms of K,’s. Thus, by reversing the second 
equation the following result is obtained. 


Constant 
Ko, /Ko, 


Process 
H.D + D-- 2 2HD- 


(Compare the expression in terms of K,’s obtained 
above.) 

K,-K;. The competition between two bases for a 
cation is illustrated by the reaction of cyanide ion on 
diamminesilver ion. 


Process Constant 
Ag(NH;).* = Ag’ + 2NH; Ki 
Ag* + 2CN- = Ag(CN).- 1/Ki, 
Ag(NH3)2* + 2CN~- Ag(CN).~ + 2NH; Ki, /Ki, 


[Ag(CN)2~] [NHs3]? Ki, 


[Ag(NH,).*] [CN-]? Ki, 


K= 


Problem 3. Toa solution containing one equivalent 
each of cyanide ion and of ammonia is added 0.01 
equivaient of silver ion. Calculate the ratio of the 
complex ions present in solution. 

Solution: 


[Ag(CN)2~]/[Ag(NHs)2*] = = 10%9/1, 
SOLUBILITIES 


K.-K;. The overall equilibrium between a slightly 
soluble, monoprotic acid and its ions in solution is de- 
rived as follows. 


JOURNAL OF CHEMICAL EDUCATION 


Process Constant 
(solid) HA = HA (dissolved) i ¢ 
HA + H.O 2 H;O+ + A- Rs 
K.Ka 


(solid) HA + H.O @ H;O* + A- 
hence, 
K = [H,0*] [A-] = K.Ka 
The overall constant (= K,K,) is the “solubility prod- 
uct” of weak or intermediate? monoprotic acids. 
Problem 4. A slightly soluble, monoprotic acid has a 
solubility in water at 25° of 0.05 M and a K, of 2 x 
10-*. Calculate its “solubility product.” 
Solution: 
K.Ka = 0.05 X 2 X 10-4 = 1 X 1078 


The solvent action of an acidic buffer on a slightly 
soluble, weak or intermediate base involves the follow- 
ing equilibria. 


Process Constant 
(solid) B = B (dissolved) K, 
B + H;0+ @ BH+ + 1/Ka 
(solid) B + H,;0+ + H,O 
hence, 
_ [BH*] _ Ks 
K = K. 
and 
K,(H3;0*] 
anit. Ke 


The “solubility” of the base is measured by the sum,' 


Problem 5. A solid, monoprotic base has a K, of 1 X 
10—" and a solubility in water of 0.001 M@. Calculate 
its solubility in a buffer of pH 2. 

Solution: 


K.(1 + +] 


(Nore: as = 100 X [B], so that the solubility is 
practically equal to [BH*].) 

K,-K,. The “solubility product” of a slightly soluble, 
weak or intermediate base is derived as follows. 


[B] + [BH*] = K, + 


= 10-* = 0.101 M 


Process Constant 
(solid) B = B (dissolved) K, 
B + BH+ + OH- Kp 
(solid) B + H.O BH*+ + OH- 
hence 
K = [BH*+][OH-] = 


The dissolution of a slightly soluble, weak or inter- 
mediate acid by a basic buffer involves the following 
equilibria. 


Process Constant 
(solid) - = HA (dissolved) K, 
HA + OH- = H.O + A- 1/Kp 
(solid) HA + OH- H,O + A- K./Ks 


2 Davipson, D., ibid., 19, 154 (1942). 
3 Davipson, D., ibid., p. 221. 
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hence 
and 
_, _ K,{OH-] 


The observed solubility is measured by the sum, 


HA] + [A-] = K. + 


K (1+ = & (1 
Problem 6. <A solid, weak acid has a solubility in a 


buffer at pH 2 of 0.0001 M and in a buffer at pH 10 of 
0.001 M. Calculate its K,. 


Solution: 
0.001 = 0.0001 (1 += a) 
Re = 9 x 10- 10 
K,-K,. The solubility of a slightly soluble base, 


RNH2, in an aqueous solution of a silver salt, for ex- 
ample, is governed by the following equilibria. 


Process Constant 
(solid) 2RNH2 2RNH, (dissolved) K;? 
Agt + 2RNH: @ Ag(RNH2)2+ 1/K; 
(solid) 2RNH: + Agt Ag(RNH,)* K,?/K; 
hence, 
[Ag(RNH2)2 *] K+? 
[Ag*] 
K.-Kgy. If the anion of a slightly soluble salt is a 


weak or intermediate base, the solubility product 
equilibrium is coupled with an acid-base equilibrium. 
For example, in the case of the solubility of barium car- 
bonate the following equilibria are important. 


Process Constant 
(solid) BaCO; Bat*+ + 
H.O 2 HCO;- + OH- 
(solid) BaCO; + + HCO;- + OH- 


hence, 


Problem 7. What is the pH of a saturated solution of 
barium carbonate in 0.02 M barium chloride? 

Solution: Since HCO;~ and OH~ ions are formed in 
equivalent amounts (see second equation above), 


_ 1.9 X 10-8 X 2.1 X 10-* 
= [Batt] 2x 10-2 
[OH-] = 107485 
pH = 9.15 


The solubility of a slightly soluble hydroxide such as 
magnesium hydroxide in a solution of ammonium ion is 
governed by the following equilibria. 


Process Constant 
(solid) = + 20H- 
+ 20H- 2H.0 + 2NH; 


(solid) + 2NH,*+ @ Mg*+* + + 2NH; 
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that is, 
[Mg*+] [NH3]* _ Kop 
(NH,*]? ~ Ke 
Problem 8. What ratio of ammonium ion to am- 


monia will prevent the precipitation of 0.1 M mag- 
nesium ion by ammonia? 
Solution: 


++) Ko? 
[NH] ~ Vote 


K-Kp. The solubility of a slightly soluble salt 
such as silver chloride in a solution of ammonia is 
governed by the following equilibria. 


[NH,*] 0.1 X 3.24 K 10-” 


1.2 X 10-" = 16 


Process Constant 
(solid) Aes = Agt + Cl- Kop 
+ = Ag(NHs3)2* 1/K; 
(solid) NH, 2 Ag(NH;3)2* + Kep/Ki 
or 
[NH]? 


Problem 9. What concentration of ammonia is re- 
quired to dissolve 0.01 mol. silver chloride per liter? 
Solution: 


ES _ 


sp 


= 


6.8 X 10-* X (0.01)? 


16x  ~°22M 


Since this is the ammonia concentration at equilibrium 
and conversion to the complex is almost quantitative, 
that required initially is 0.22 + 2(0.01) = 0.24 M. 
Problem 10. Silver ion reacts with cyanide ion to 
form a precipitate of silver cyanide and a complex ion, 


Ag(CN)2-. Formulate the resulting overall equilib- 
rium. 
Solution: 

Process Constant 
Agt + CN- = AgCN (solid) 1/Kep 
Ag(CN).— = Ag+ + 2CN- Ky 
Ag(CN).— = CN- + AgCN (solid) Ki/Kep 

hence 
[Ag(CN)o-] 
K,-Kyy. See K,-K;. 
Ky-K,». If two slightly soluble salts containing a 


common ion such as silver chloride and silver bromide 
are in equilibrium with a solution, the following simul- 
taneous equilibria occur. 


Process Constant 
(solid) AgC] Ag* + Cl- 
Ag+ + Br- = AgBr (solid) 1/Kop, 
(solid) AgCl + Br-~ = + AgBr (solid) Kap, /Kep 
hence, 

K s 
[Br-] Kep, 


ant 

a 

f2x 

llow- 

nt 


Problem 11. If 0.1 M silver chloride is shaken with 
one liter of 0.1 M sodium bromide, what percentage of 
the sodium bromide will be converted to silver bromide? 

Solution: 


_ 16 x 10-" _ 208 
7.7 X 10-8 ~ 


hence 208/209 or 99.5 per cent of sodium bromide is 
converted. 


OXIDATION-REDUCTION 


Equilibrium constants for oxidation-reduction re- 
actions are usually not made available in the tables of 
qualitative analysis texts but may be calculated from 
the single electrode potentials which are given, since, at 
25°, the logarithm of K, is equal to the difference be- 
tween the two electrode potentials involved divided by 
0.06/n, where n is the number of electrons involved in 
the reaction. An important example of simultaneous 
equilibria involving oxidation-reduction is given by the 
oxidation of copper sulfide by nitric acid. 


Process Constant 
(solid) 3CuS = 3Cut* + K.,* 
3S-- + 8H;0+ + 2NO;- 
12H,0 + 2NO(gas) + 
(solid) 3CuS + 8H;0* + 2NO 
3Cut* + 12H.0 + 2NO(gas) + "38 (solid) 


hence, 


K,,*K; 


[Cut+]3 
{H;0*]8 [NO;-]2 


MORE THAN TWO EQUILIBRIA 


The algebra of simultaneous equilibria which has 
been exemplified above may be extended to systems 
having more than two simultaneous equilibria. This is 
demonstrated by the following problems. 

Problem 12. Thesolubility of hydrogen sulfide at 25° 
is approximately 0.1 M. Calculate the “solubility 
product”’ of hydrogen sulfide. 


K = = Kep?® 
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Solution: 
Process Constant 
(gas) = H.S (dissolved) K, 
H.S + H.O H;0+ + HS- 
HS- + H.O = H;,0+ + S-- Ka, 
(gas) H.S + 2H.0 = 2H,0* + KiKo,Ke, 


hence, 
= [H;0*]?(S~-] = K.Ka,Ka, = 0.1 X 1077 X 10-® = 10-2 


Problem 13. At what pH will zine sulfide dissolve to 
form a 0.1 M Zn++ solution? 
Solution: 


Process Constant 
(solid) 2 Znt*+ + 
+ H,0+ H.O + HS- 1/Ka, 
+ H,;0+ H.0 + H.S 1/Ka, 
(dissolved) H.S @ HS | (gas) 1/K, 
(solid) ZnS + 2H;0+ Ksp/Ka,Ka,K, 
Zn*++ + + HS (gas) 
[Zn**] Ksp 
[H;0*]? KaeKa,Ks 
[Zn ++] Ka,Ka,Ke 
= 
1.2 X 10-*3 
pH = 1.1 


Problem 14. Zine hydroxide is equilibrated with 0.1 
M sodium hydroxide. Calculate the concentration of 
zincate ion. 


Solution: 
Process Constant 
(solid) Zn(OH), (dissolved) K, 
Zn(OH). + 2H.O = 2H;0+ + ZnO.-- Ka, Ka, 
(solid) Zn(OH), + 2H,O 2H;0+ + ZnO.-- KsKa,Ka 
K = = K.Ka,Ka, = 
10-” 
= (H,0 (10-13)2 = 10° M 


A SPECIAL summer program in the thermodynamics of equilib- 
rium and non-equilibrium states will be given during the 1953 
Summer Session from June 29 to July 10 at the Massachusetts 
Institute of Technology, according to Professor Ernest H. Hunt- 
ress, Director of the M.I.T. Summer Session. 

The program will mark the two hundredth anniversary of the 
birth in 1753 of Benjamin Thompson in Woburn, Massachusetts. 
Thompson, who as Count Rumford performed experiments on the 
generation of heat in the boring of cannon, was instrumental in 
discrediting the caloric theory and in stimulating the then-new 
theory of thermodynamics. 

The summer program at M.I.T. will be designed to provide a 
sound exposition of classical thermodynamics and to explore the 
newer extensions of the subject into the kinetics of processes in 
which non-equilibrium states play an essential part. 

Lectures on classical thermodynamics, kinetic theory and sta- 


tistical mechanics, Gibbs’ theory of equilibrium, and generalized 
thermodynamics and the kinetics of irreversible processes will be 
supplemented by a number of lectures and discussion sessions on 
special topics. 

Four members of the M.I.T. faculty will give the principal 
lectures in the program: Joseph H. Keenan, Professor of Mechan- 
ical Engineering; Melvin A. Herlin, Assistant Professor of Phys- 
ics; James A. Beattie, Professor of Physical Chemistry; and 
Laszlo Tisza, Associate Professor of Physics. Professor Lars On- 
sager, Professor of Theoretical Chemistry at Yale University, will 
be one of a number of special lecturers who will participate in the 
summer program. 

Further information on this summer program and application 
forms may be obtained from the Director of the Summer Session, 
Room 3-107, Massachusetts Institute of Technology, Cambridge 
39, Massachusetts. 
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THE ORGANIZATION OF SUBJECT MATTER 


IN ELEMENTARY ORGANIC CHEMISTRY 


Eementary organic chemistry, as taught in some 
colleges, involves a separate treatment of aliphatic and 
aromatic compounds. In our institution, the two 
types of materials are treated simultaneously according 
to a so-called ‘combined method.” Teachers with 
some years of experience are familiar with the writings 
of such men as Cheronis (/) and Desha (2), each of 
whom has written a textbook using the ‘combined 
method” approach. It is doubtful that new instruc- 
tors of organic chemistry consider the relative merits 
of the two methods when they first start teaching. It 
ismore likely that they begin to teach according to the 
method to which they were exposed as students. This 
paper is written partly for the benefit of these young 
instructors and partly because the author feels the sub- 
ject is of sufficient importance to warrant re-examina- 
tion at reasonable intervals. 

In 1929, Gilman, Heckert, and McCracken (3) 
wrote “The differences between aromatic and corre- 
sponding aliphatic compounds are largely of degree and 
not of kind. There are probably no rigidly exclusive 
aromatic characteristics.” Some years earlier Henrich 
(4) wrote along similar lines: ‘The observed difference 
in the rate with which additions take place in the case of 
benzene and its derivatives as compared with unsatu- 
rated aliphatic compounds indicates a difference 
merely in degree. That it is not a difference in kind 
is supported by the fact that in certain types of ali- 
phatic compounds the ethylenic linkage is just as un- 
reactive as in benzene and that every variation be- 
tween this and very reactive ethylene derivatives has 
been observed.” 

On the other hand some authors have made a con- 
siderable effort to develop the concept of ‘‘aromaticity.” 
A good example of such writings may be found in the 
text by Fuson (6). Here the discussion is built largely 
around the observation that “The structural charac- 
teristic that all aromatic rings have in common is the 
so-called sextet.” The subject matter is developed 
very convincingly and the concept of ‘“aromaticity” 
seems to be a useful one. However, at the start of his 
chapter the author makes a statement which may well 
cause one to be very doubtful of the value of empha- 
sizing “aromatic character” to the students of the ele- 
mentary course. Particularly is this so when such 
emphasis leads to the arbitrary separation of the course 
into aliphatic and aromatic divisions. The statement 
is as follows: ‘The line of demarcation between aro- 
matic and aliphatic compounds is so ill-defined that 
no simple definition of aromatic character or aromaticity 
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has been agreed upon. Perhaps the outstanding 
characteristic of aromatic compounds is the peculiarly 
diminished reactivity of the double bonds. Although 
benzene is definitely unsaturated, its unsaturation is 
of a lower order than that of open-chain olefinic com- 
pounds.” It is of more than passing interest to note 
that in the elementary text by Fuson and Snyder (6), 
aliphatic and aromatic compounds are treated simul- 
taneously. 

The passing of the years, with the accumulation of 
ever-increasing amounts of new data, serves only to 
confirm the views expressed in references (3) and (4) 
and, in part, in reference (5). Yet, at the present time, 
even though there may be a great deal of agreement with 
these views, nevertheless we find the majority of col- 
lege professors reluctant about combining aliphatic 
and aromatic compounds in teaching the first course in 
organic chemistry. The “orthodox” method of presen- 
tation, involving the separation of aliphatic and aro- 
matic compounds, has certain good features but these 
advantages are more than offset by the disadvantages 
inherent in the system. When taught this way, all too 
often the student fails to see the subject broadly; he 
has the course neatly tied in packages, two of which 
are labeled “aliphatic” and “aromatic.” To demon- 
strate this point ask a student who has recently com- 
pleted the course to write an account of the effect of 
halogens on hydrocarbons. If he is a product of the 
“orthodox” course he is apt to show first the halogena- 
tion of alkanes, then alkenes and alkynes. He will 
describe next, and as something apart, the behavior in 
benzene. He treats this hydrocarbon as something 
different but seldom notes the difference is only one of 
degree. 

It is assumed, in the “orthodox” course, that by the 
end of the year the student will have, automatically or 
otherwise, integrated the subject matter of the course 
and will have recognized that the separation into ali- 
phatic and aromatic divisions was a pedagogical de- 
vice employed to “simplify” the presentation. Un- 
happily, this integration does not appear to occur in 
many cases and the student persists in thinking in 
terms of aliphatic and aromatic chemistry rather than 
in the more general terms of organic chemistry. 

From a logical viewpoint it is hard to argue against 
the simultaneous treatment of aliphatic and aromatic 
compounds. Not only does the “combined” approach 
treat organic chemistry as it is known to be, but in so 
doing it gives the student a broader picture of the sub- 
ject. Furthermore, one of the very best ways to stim- 
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ulate interest in the work is to give him an early intro- 
duction to the fascinating chemistry of benzene. Then 
too, by avoiding duplication of effort, not possible in 
the ‘orthodox” presentation, extra time is gained for 
the inclusion of new material. This point is of no small 
significance in view of the rapidly increasing volume of 
material in the field of organic chemistry; an extra 
two weeks is a welcome addition to the course. 


Perhaps the most undesirable feature about the 
“combined” method of teaching is the lack of texts 
written in this way. At the present time the instruc- 
tor is limited to, not necessarily the “best” book, but 
the most suitable one using his style of presentation. 
Since the trend toward the combined method seems 
established, though moving slowly, time or an acceler- 
tion in the rate of adopting the method should provide 
an increased number of authors interested in the style. 

The remainder of this paper will be devoted to short 
discussions of a selected number of topics as they are 
presented by some professors using the “combined” 
approach. It is hoped the discussion will serve to re- 
move or minimize some of the pedagogical difficulties 
attributed to the method. 

The Structure of Benzene. During the study of al- 
kanes and their derivatives the student is introduced 
to the concept of resonance by using the nitroalkanes 
as examples. This is a relatively simple way to ap- 
proach a troublesome subject. Reaction mechanisms, 
involving electronic interpretations, are used as the 
student progresses from the alkanes to the alkenes and 
alkynes and then dialkenes. After a description of 
1,3-butadiene the discussion soon leads naturally into 
an account of resonance in the benzene ring. By this 
time the student is reasonably conversant with the 
concept and benzene provides an especially interesting 
example of it. If electronic interpretations have been 
emphasized to this point then the student is quite able, 
also, to grasp the ideas on orientation in the ring. 
He has, in the meantime, acquired a sufficient know]- 
edge of organic reactions to appreciate the other ideas 
usually presented in support of the structure of 
benzene. 

Halogenation. Benzene resembles both alkanes and 
alkenes in that it reacts by both substitution and ad- 
dition. It is of interest to note that certain alkenes also 
undergo both types of reaction, particularly in the case 
of chlorinations. A common example of the latter 
type is the high temperature chlorination of propene to 
allyl chloride; another example is the low tempera- 
ture chlorination of isobutylene to methallyl chloride. 
It is not a difficult step for the student to go from a 
consideration of the chlorination of alkanes and alkenes 
to a consideration of the chlorination of benzene. The 
study of the chemistry of benzyl chloride fits in well 
after a discussion of allyl chloride. Although ex- 
perimental conditions and reaction mechanisms often 
may differ considerably, these differences tend to make 
the presentation more interesting and not necessarily 
more difficult. 
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Nitration and Sulfonation. After having observed 
the behavior of alkanes and unsaturated compounds 
with nitric acid and with sulfuric acid, a comparison 
may be made with the behavior of benzene toward 
these reagents. The direct nitration of benzene may 
be compared with the direct nitration of tertiary al. 
kanes or with isobutylene. The high temperature ni- 
tration of propene also may be considered at. this 
point. In a similar fashion the preparation and prop. 
erties of benzene sulfonic acid and the sulfonic acid 
formed from isobutane may be compared. The sul- 
fates formed with alkenes serve to emphasize the greater 
reactivity of most alkenes over benzene in addition. 
type reactions. 

Friedel and Crafts Reaction. This reaction is thought 
of, usually, as an “aromatic” reaction; however, it is 
also a reaction involving alkyl halides and a discussion 
of it falls naturally into an early spot in the course if 
the chemistry of benzene has been considered. 

Cannizzaro Reaction. This reaction, often illustrated 
with benzaldehyde has, of course, its counterpart in 
formaldehyde and certain substituted aliphatic alde 
hydes. 

Ozonization. Alkenes and benzene are very similar 
in their behavior toward ozone. If the reaction has 
been illustrated with alkenes it has considerable sig- 
nificance to the student if he views it again very shortly 
in connection with the work on the structure of benzene. 

Wurtz Reaction. This reaction has its aromatic 
counterpart in the Wurtz-Fittig reaction and the two, 
logically, are considered together. 

Among miscellaneous items adding early interest 
to the “combined” course may be mentioned the fol- 
lowing: 

(1) The conversion of heptane to toluene. 

(2) The hydrogenation of benzene to cyclohexane 
or the dehydrogenation of the latter compound to 
benzene. 

(3) The formation of benzene from acetylene. 

How is the “combined” approach applied to the study 
of various hydrocarbon derivatives? In the case of 
alcohols and phenols, for example, it seems better to 
study these two materials together under the heading 
of hydroxy compounds than to separate them into al- 
cohols one semester and alcohols and phenols the second 
semester. Students are strongly attracted by the simi- 
larities and differences in properties among the various 
alcohols and phenols. The fact that the behavior of 
the phenolic hydroxy group is strongly influenced by 
the nature of the phenyl group adds much interest to 
the discussion and again does not increase its difficulty. 
This is particularly true if, previously, emphasis has 
been placed on the effect of substituents of various 
groups, both aliphatic and aromatic. Note that the 


greater emphasis is placed on the behavior of the func- 
tional group and the lesser emphasis on the nature of the 
rest of the molecule, without discounting the importance 
of the latter. 

An examination of compounds with other functional 
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groups leads to similar conclusions. Why not con- 
sider the behavior of chlorobenzene shortly after a con- 
sideration of vinyl chloride; aniline with hexylamine; 
benzoic acid with acetic acid, etc? 

The writer has been teaching the ‘‘combined”’ course 
for a number of years and has consulted with other pro- 
fessors who have been teaching it for longer periods of 
time. As a result of this experience he is of the opinion 
that the simultaneous treatment of aliphatic and aro- 
matic compounds in the elementary course is a highly 
satisfactory way to teach the course and that there are 
few if any, pedagogical difficulties involved in the proc- 
ess which are not easily overcome. When compared 
with the “orthodox” method, this style of presentation 
is not only a more logical way to handle the subject 


but is probably a more interesting way from the view- 
point of both the student and the professor. 
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2 UNIVERSITY INSTRUCTION IN CHEMICAL 


LITERATURE 


Tue need for training chemistry students in making 
use of the literature of their field was pointed out as 
early as 1916 by Bacon, et al., in a report to the Com- 
mittee of 100 on Scientific Research.' A need thus 
existed then, and this need is certainly more urgent 
today, when there is a vastly more voluminous litera- 
ture, resulting in added complexity of subject matter. 

There are several ways of introducing students to 
the use of the literature. Budington? described several 
methods used in teaching engineering students, with 
whom the problem is essentially the same as with 
chemistry students, or, for that matter, with students 
of any science depending largely upon the serials litera- 
ture. 

If we eliminate freshman library orientation, which, 
although useful, comes at too early a stage of a stu- 
dent’s training, we have the following possibilities: 

(1) Giving occasional talks on library and litera- 
ture technique to classes. 

(2) Setting aside one or more periods in a special 
course and devoting it to instruction in the literature. 


1 Bacon, R. F., C. E. K. Megs, M. C. Wuiraker, W. R. 
Wuitney, anp W. H. WALKER, Science, 45, 37 (1917). 
2 BupincTon, W. S., Coll. Res. Lib., 12, 268-72 (1951). 
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(3) Devoting an entire course to chemical bibli- 
ography. 

We have tried the first two methods, and have come 
to the conclusion that only the last-mentioned one 
gives the student sufficient training. Guest lecturing 
in one course is not successful, since most of the instruc- 
tors have more material than time to cover it, and are 
reluctant to give up any of their periods. Making 
library instruction a part of a special course, such as a 
senior seminar, is not the solution, since in the two to 
four lectures devoted to the literature, only a small 
part of the necessary knowledge can be covered. It 
takes at least one hour to explain the classification 
system, card catalogue, and correct bibliographic cita- 
tion, and if one hour each is spent on Chemical 
Abstracts, Beilstein, and Gmelin, there is no time left 
to cover any tools in analytical chemistry, physical 
chemistry, or biochemistry, not to mention applied 
chemistry or other tools in organic and inorganic 
chemistry. Lectures of this type tend to be cramped, 
and, hence, students get very little from them. 

_ To obtain some idea of how other major universities 
solve this problem, we sent questionnaires to 75 schools 
listed as granting the Ph.D. in chemistry in 1948-49, 
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in a report published in Chemical and Engineering 

News.* There are 76 schools listed, the University of 

Wisconsin being the 76th school of the present study. 
The following questions were asked: 


Does your school give a course in chemical literature? 

Is it a required course? 

Is it given for credit? 

Is it taught by the librarian? 

Does the librarian give occasional lectures on the use of the 
library or literature? 


99 


All questionnaires were addressed to the librarians 
of the chemistry departments. Sixty questionnaires, 
or 80 per cent of the total, were returned, some of them 
with comments which will be discussed below. The 
statistics have been compiled on the basis of these 60 
schools. 

Courses. Thirty-two schools offer formal courses 
in chemical literature. Of these, 20 are required courses. 
The requirement is broken down by some schools: 
two required such a course for undergraduates, five 
did so for graduates, and two did so for both under- 
graduates and graduates. Eleven schools did not break 
down the requirement with regard to graduates and 
undergraduates. 

Credits. Fifteen courses carry one credit; ten 
courses carry two credits; one course carries three 
credits, and six schools did not give the number of 
credits. When there was a choice of credits, the lower 
number was calculated, with the exception of one zero- 
or one-credit course, where one credit was used. 

Instructors. Twenty-four courses were taught by 
members of the department other than librarians. 
Eight courses were taught by librarians. If this ques- 
tion was not answered completely we assumed that the 
librarian did not teach the course. In five schools 
offering no formal courses, the librarian gave occasional 
talks on the literature. In six schools offering courses 
not taught by the librarian, librarians gave lectures on 
the literature or library. In five schools, librarians 
taught formal courses and gave lectures in addition to 
these courses. 

Comments on the last two questions seem to be in 
order. We are of the opinion that the librarian, pro- 
viding he has the proper chemistry background, is 
best qualified to teach a course in chemical literature. 
The librarian is in constant contact with the literature 
and has had formal instruction as well as everyday in- 
formal instruction through answering reference ques- 
tions, searching the literature, and continuous use of 
the literature, in short, the background in the very 
field in which the student will have to be instructed. 
Instructors know more about their special fields, but 
librarians, being in continuous contact with all the 
literature of chemistry, and, probably, with the litera- 
ture in closely related fields, have a better general 
overall view of the field. 

Unfortunately, the requirements were not broken 
down sufficiently, but to judge from Budington’s 


8 Progress Report No. 21 of the Committee on Professional 
Training, Chem. Eng. News, 28, 770 (1950). 
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study and from the situation at the University o 
Wisconsin, it would appear that the junior year would 
be the most appropriate time to give this course 
Students are then well along in their major, having had 
a year of organic chemistry and probably being in 
process of taking physical chemistry. For graduate 
students without previous training in the literature 
and in need of such training, the first semester is best, 
In neither case should this course be given merely for 
the sake of having extra credit, which no school seems 
to need. To avoid requiring students to take the 
course who have taught themselves the use of the litera. 
ture, a test on their knowledge could be given previous 
to registration in such a course. 

Two types of comments were enlightening. The 
majority of schools elaborating on their course explained 
that it consisted of lectures followed up by written 
assignments, application of course material in the li- 
brary. Students in one school complained that they 
were overworked for a two-credit course, and three 
schools had once had courses or series of lectures, but 
these were dropped because of lack of interest. It is not 
surprising, in a crowded curriculum, that very few stu- 
dents will volunteer for extra work even though it might 
benefit them. The chances are that students who 
volunteer need the instruction least. These com- 
ments indicate that courses in the literature, in order 
to accomplish their purpose, have to be required or 
“strongly recommended.” 


SUMMARY 


The need for formal training in the literature of 
chemistry is becoming more important with the increas- 
ing complexity of, and the student dependence upon, 
the literature. Of 60 schools offering the Ph.D. in 
chemistry, 32 give formal courses in chemical litera- 
ture, 20 of which are required for chemistry majors. 
These courses run for one semester and are given for 
one to three credits. Due to the reluctance of students 
to assume extra work on a voluntary basis, it would 
seem that required courses in the junior year, or the 
first year of graduate school, are most effective in teach- 
ing students the use of the literature. Students who 
are sufficiently familiar with the literature should be 
exempted from the requirement. Single lectures and 
even two to four lectures in a special course such as the 
senior seminar proved to be unsuccessful at Wisconsin, 
since the student can only be given a small portion of 
what he should know about the literature, and that 
small portion necessarily out of context. The most 
efficient way of teaching the use of the literature in a 
formal course is to explain the function of each type of 
material and to give assignments of practical litera- 
ture problems, which make use of the various tools 
taught. 

Students take on the average of 40 credits of chemis- 
try in their undergraduate work. Of these 40 credits, 
there should be room for one or two credits to teach 
them where to find the material they must use through- 
out their professional careers. 
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Two hundred years ago chemical knowledge consisted 
of a heterogeneous body of facts related to the very few 
elements then known and the somewhat larger number 
of compounds which were obtained in sufficiently pure 
form to be characterized. Much of this information was 
applied to practical applications in medicine and to the 
various industrial arts. Robert Boyle had stated his 
gas laws: nevertheless theories about matter, its ulti- 
mate form, combustion or attraction of one type of 
substance for another, were either nebulous or in- 
accurate. To create a system of chemistry with logical 
interrelationships, accurate qualitative and quantita- 
tive analysis, by which a considerable number of pure 
substances might be identified and incorporated into a 
classified whole, had to be developed. 

Several factors stimulated the accomplishments of 
the eighteenth century Swedish analysts who laid the 
foundations for the influential period of their nineteenth 
century successors, when Berzelius became the arbi- 
ter of chemistry in western Europe, a post which 
ruled the chemical world. Universities had been 
founded at Uppsala in 1477 and at Lund in 1668, where 
the libraries had the right toreceive everything published 
in the country. At Uppsala the renowned Linneaus 
lived in the botanical garden. An observatory had 
been erected in 1730. Any students at that university 
could have excellent training for that time. The 
Swedish Royal Academy of Science, which offered in its 
journal an outlet for exchange of ideas for those inter- 
ested in scientific study, was established in 1710. Al- 
though the political atmosphere in Sweden was not 
stable, the country was distant from the warring armies 
of the European continent. The natural resources of 
Sweden were remarkable for timber and mineral de- 
posits of great potential value. The iron ore alone rep- 
resented some of the richest in the world. In the 
eighteenth century Sweden became the greatest exporter 
of iron products of all the iron producing countries. 
Although she lost this position when coal was substi- 
tuted for charcoal as a reducing agent, the quality of 
steel products for cutting tools remains superb. 

Axel Fredrik Cronstedt, destined to be one of the able 
analysts who enriched chemical knowledge, was born on 
December 23, 1722, in the province of Sodermanland. 
He was the child by a second marriage of a lieutenant- 
general, Gabriel Cronstedt, who was able to supervise 
his son’s studies and to employ a tutor for him from 
1726 to 1738. His mother was Maria Elizabeth Adlers- 


1 Presented before the Division of History of Chemistry at the 
121st Meeting of the American Chemical Society, Buffalo, March, 
1952. 
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berg, the daughter of an assessor. Cronstedt’s in- 
struction was continued at Uppsala where he listened to 
lectures as a nonregistered student. His most influen- 
tial instructors were Andreas Celsius the astronomer and 
devisor of the thermometric scale, J. G. Wallerius, a 
chemist, and Daniel Tilas, a geologist. Although his 
father hoped that Cronstedt would follow in his own 
military footsteps, the young man had a decided talent 
for natural science and for drawing. In the mineralogi- 
cal chemical laboratory of Wallerius, Cronstedt met 
Sven Rinman who encouraged him to study chemistry. 
Since Cronstedt did not have enough money to go to the 
University, he entered the School of Mines, where Tilas 
was his best counselor. By 1742 he was employed to do 
some practical teaching on a temporary basis, but his 
work and his education were interrupted several times 
and it was some years before he completed his studies. 


MINING AND METALLURGY 


In 1743 the peasants moved into the capital to obtain 
their rights, and the Russian Navy became a menace on 
the Baltic Sea. Since the political situation in Sweden 
was somewhat precarious, General Cronstedt, who was 
commandant of the fortifications at Stockholm and the 
neighboring archipelago, and who had no money from 
the government to hire a secretary when he made a tour 
of inspection of these fortifications, asked the school to 
release his son. Cronstedt left the school in August, 
1743, and traveled as his father’s secretary for three 
months on the east and west coasts of Sweden, where he 
saw his first mine in November, 1743. Many have 
thought it was the turning point of his life. But he was 
not dressed for a descent into the mine and thus saw 
little. It was in 1744 that he had a real opportunity to 
study metallurgical operations. That summer, with 
the recommendation of the School of Mines, Cronstedt 
traveled with G. G. Reuterholm to visit the mining 
country. The next year, Tilas advised him to go on 
another tour to study the production of silver and lead 
and the relationships of the miners with their manage- 
ment. This year, when Cronstedt took the place of 
Alexander Funk, a friend of Tilas, who was engaged in 
making typographical maps of the mining areas, Cron- 
stedt made several personal contributions to the proj- 
ect. When Funk and Tilas quarreled over the map 
work, Funk resumed his position and Cronstedt went 
back to the School of Mines to take a course in assaying 
and chemistry under Georg Brandt, who was the dis- 
coverer of cobalt, the fifteenth element to be identified 
and the fifth element to be isolated in historic times. 
Brandt had traveled to Leyden to hear the lectures of 
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Hermann Boerhaave, the most eminent chemist of his 
day and had taken his medical degree at Reims. After 
a sojourn in the Hartz Mountains where he learned all 
he could about metallurgy, Brandt had returned to 
Stockholm and the chemical laboratory of the School of 
Mines. 

In the summer of 1746, when Cronstedt surveyed 
copper mines, he became well versed in the extraction of 
that metal. Meanwhile, he began his extensive and 
valuable mineral collection. That same year he had an 
offer to go to Tunisia to build and operate a copper 
mine. Before he started, to his great disappointment 
word came that Tunis and Algeria were at war; so he 
was unable to go. In the last months of 1746 Cronstedt 
accompanied Tilas as amanuensis on further map- 
making trips. As a temporary measure, Cronstedt was 
put in charge of the library of the School of Mines and 
had the responsibility of preparing the institution for 
the royal inspection of King Adolph Fredrik. Further 
trips were made with Tilas to copper mines and to map 
the entire island of Singén. This map, which might 
have had historical interest, was lost in a fire when 
Tilas’ house burned in 1751. Since Tilas was an ex- 
cellent geologist with considerable ability to identify 
minerals, he taught his young protégé much. He 
urged him to “honestly observe and tell the truth as can 
be done in the mining science.” 

In 1748, when Cronstedt had finished his studies, a 
short-lived mining and geological company was formed 
with Tilas, Funk, and Rinman. The fruits of this 
organization for Cronstedt were the friendships formed 
and the correspondence between the members. As a 
result of his trips and investigations from 1748 to 1753, 
Cronstedt compiled an account of the “Mineral History 
of Westmanland and Dalecarlia.”” This volume, 
modeled after a book by Tilas on the “Mineral History 
of Finland,’ became a standard for its successors. In 
1754, Cronstedt, Rinman, and von Swab were made 
members of the Swedish Academy. 

From 1755, Cronstedt had a home in Skisshyttan, a 
somewhat isolated place where he supervised a silver 
mine. In the house he had a good assay room in which, 
between his trips, he studied chemistry and mineralogy. 
Reports from these studies were presented before the 
Swedish Academy. In the winter he often went to 
Stockholm, especially those seasons of 1751-52 and 
1755-56 when he was a member of the Parliament. Be- 
cause of his known skills, his zeal, and his enthusiasm 
for his work, he was made a member of committees 
which studied mining, merchandizing, and economics. 

In 1752, with Anton von Swab, Cronstedt inspected 
the Swedish calamine mines to determine whether the 
native ore could be substituted for the imported ore to 
produce brass. Rinman continued these experiments 
after Cronstedt had done considerable work on the 
washing, oxidation, decomposition, and extracting of 
the calamine. 

The next few years were varied. Cronstedt went to 
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Norway for six months, where he increased his mineral 
collection. With von Swab, he studied the silver 
mines at Stora Kluken, the minerals in Jamtland, and 
various deposits of rock crystal and limestone. By 
January, 1757, he had returned to Skisshyttan for g 
much needed rest. Twice he was ill with the ague and 
once with the so-called Uppsala fever. Meanwhile, he 
was working on a manuscript of the greatest importance 
for which he is most famous. This was his mineral 
classification, an epoch-making revolution in mineralogy, 
The system was based upon chemical composition in- 
stead of the time-honored superficial outer characteris. 
tics of form, color, and hardness. This idea, which 
was expressed in a letter to Tilas in 1753, Cronstedt 
himself said was encouraged by von Swab. Earlier, a 
German chemist, Pott, considered a similar scheme but 
did not develop it. The first draft of Cronstedt’s 
mineralogy was sent to Rinman in 1756, and by 1757 he 
had completed his manuscript. On May 12 of that 
year Cronstedt wrote to Tilas that he was not planning 
to publish his ideas. However, when Cronstedt’s 
physician saw the written document he persuaded him 
to have it printed anonymously. Two brothers, Peter 
Jonas Bergius and Bengt Bergius, supplied the needed 
money. 

In 1756, when Cronstedt had hoped to receive an 
appointment at the School of Mines, he was passed over 
in favor of a younger man. Cronstedt complained 
bitterly that he should have had this secretaryship 
since he had “spent the time, money, and health to no 
avail ... were they not qualifications for being put into 
the office?” In 1758 he obtained a position in Norway to 
work in a silver mine near Jarlsberg, but von Swab and 
Tilas persuaded him to postpone his departure for three 
months. During this time Cronstedt was appointed 
superintendent of mining operations in the ‘‘Oster and 
Vasterbergslagen,”’ a post which he accepted. Until 
his marriage, which took place in Angelsberg, Vaster- 
vala, in 1760, he lived in the superintendent’s house. 
His wife, the daughter of an army colonel, Lorens 
Nicklas Séderhielm, was Gertrud Charlotta Séderhielm, 
who was born in 1728 and died in 1769. 


LATER LIFE 


After 1757, and more markedly after his marriage, 
Cronstedt turned to the study of botany, in which he 
became interested from the practical point of view. He 
wrote to Tilas, in connection with his manuscript on 
mineralogy, that his recreation in the country was now 
botany, since the mineral kingdom had proved to be 4 
disappointment because he no longer had the money or 
the courage to continue its studies. Mineralogy seemed 
to him inflexible and without thanks. When he had 
completed his distinguished classification his inclina- 
tion to study plants began to take precedence over all 
else in his spare hours. 

Before his death Cronstedt had acquired considerable 
property, some of which came from his wife. He had 4 
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very well-equipped laboratory and a large library in his 
own home at Nysshytte. The constant duties of his 
last years allowed him little time for scientific pursuits, 
as he had become an advisor for many who had mining 
interests. The lack of freedom was so wearing that he 
complained that it was “impossible to do chemical 
work.” He seldom went to Stockholm except when he 
was returned to Parliament in 1765. Again he was 
made a member of those committees on which he could 
best serve. In the summer of 1765, only five years 
after his marriage, he returned home from Stockholm 
exhausted and ill, to die in a few days on the 19th of 
August. Not yet 43, Cronstedt had become an eminent 
mining expert who might have made many further 
contributions if he had lived. 

The library of the Swedish Royal Academy owns 
some 50 volumes of manuscripts which contain Cron- 
stedt’s writings and his correspondence. More of his 
letters are located in the Royal Archives, the School of 
Mines, and the Royal Library. The mineral collection 
of approximately 3000 items, which was left to his son, 
was taken by his widow to her new home after her re- 
marriage to Captain G.G. Reuterholm where it remained 
until 1803. In 1753, Cronstedt had constructed 
special equipment for the cutting and polishing of the 
minerals so that he obtained a better conception of the 
crystal structure. He was anxious to show that his 
native country had as beautiful types as any other 
land. When the Queen, Luisa Ulrika, expressed an 
interest in his specimens, he also did some collecting for 
her. When the School of Mines heard that the collec- 
tion was purchased by a wealthy Danish landowner and 
collector who lived in Paris, it tried, without success, to 
persuade the king to prevent its removal from Sweden. 
A very prominent Swedish chemist, Peter Jacob Hjelm, 
the discoverer of molybdenum, was asked for his opin- 
ion. Lacking appreciation of Cronstedt and not 
recognizing the value of the collections, Hjelm’s advice 
was to let it go. His excuse was the lack of good labels 
on the specimens. Nevertheless, Cronstedt’s personal 
catalogue of the collection was known to be in the hands 
of the Dane. Hjelm must have been careless in his 
judgment. What happened to the collection after it 
reached Paris is not known. Perhaps it was sold again. 
The troubled state of France in the Napoleonic era made 
it difficult to trace its fate. . 


MINERAL CLASSIFICATION 


Cronstedt’s scientific contributions were made in a 
relatively short period. The great geologist, Abraham 
Gottlob Werner, of Freiberg, wrote that the “Essay on 
the New Mineralogy,” as his classification was called, 
should give to Cronstedt the honor of being called the 
father of that science. In the preface of this book 
printed in 1758, which was the turning point in the 
history of mineralogy, we find Cronstedt’s views. He 


believed that while men in the preceding century had 
shown great appreciation for the study of philosophy 
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and antiquity, the time was now ripe for a better under- 
standing of science. An adequate classification of 
minerals was needed because previous attempts to 
classify them had been based only on physical properties 
and not chemical composition. Since Cronstedt felt 
that previous scholars had assumed unnatural relation- 
ships, he determined to organize his ideas into an 
improved system which would retain the good ideas and 
reject the bad ones in the older systems. 

The new system comprised four classes, earths, bitu- 
mens, salts, and metals. The definitions of the classes 
showed the influence of comtemporary belief. The 
earths could not be flattened out, did not loose their 
substance under a hammer, were for the most part in- 
soluble in water and oil and retained their shape when 
ignited. The bitwmens burned in fire, and dissolved in 
oil but not water. The salts usually dissolved in water, 
to which they gave a flavor and from which they crystal- 
lized when the water was evaporated. The metals were 
the heaviest known bodies, which were in part malleable 
and in part reducible to their principles according to the 
language of phlogiston. By restoring the inflammable 
principle which they lost by ignition, they were returned 
to their original form. The earths had nine divisions, 
calcareous, siliceous, granites, clays, mica, fluorspar, as- 
bestos, zeolite, and magma. The bitumens were amber, 
petroleum, asphalt, and the phlogistic material, 
sulfur. Salts of vitriolic acid, marine acid, the 
alkali minerals, and borax were grouped together. 
The half-metals which could not be found free 
in nature were classed with the metals. The last 
lines in the book were: “I await with pleasure the 
judgment of those who know this type of work and have 
the same sentiments. I shall be ready to receive the 
judgment that readers form for this essay.’’ Cron- 
stedt’s astute opinions about many minerals are too 
numerous to mention. Although there were errors 
according to present views, the value of his chemical 
classification is undeniable. 

Like all innovations, the new classification was not 
acceptable to the conservative; von Swab of course 
approved. Tilas, since he had helped another of his 
pupils, Wallerius, to organize a mineral system, was 
not quite satisfied. After Cronstedt’s death, Linneaus, 
in the 12th edition of his “Systema Naturae,”’ 
published in 1768, finally expressed approbation, 
although he was inclined to other directions. 

Linneas thought that the classification was the voice 
of von Swab but the hand of Cronstedt. Another 
mineralogist, von Engestrom, who was a pupil of both 
von Swab and Cronstedt asserted that Cronstedt was 
the real author of the new mineral system and had an 
original manuscript available at that time to prove it. 
An incomplete German edition was soon used as a text 
at the Freiberg Mining academy, which was the best in 
Europe. With its success assured, 16 years after Cron- 
stedt’s death, a second edition was printed with con- 
siderable profit. 
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DISCOVERY OF NICKEL 


As the discoverer of a new half-metal, which he named 
nickel, Cronstedt is best known to chemists. Nickel 
had been used in alloys by the Chinese without identi- 
fication. In 1694, Hairne had found an odd mineral 
which resembled copper ores in color. Vain efforts to 
produce copper from this substance lead to its being 
given the insulting name of kupfernickel. In 1726 a 
paper in the Philosophical Transactions reported that 
this material contained cobalt and copper. Three 
years later, John Andreas Cramer, a German miner, 
suggested cobalt alone. Linneaus specified copper and 
arsenic and Wallerius cobalt, iron, and arsenic. Cron- 
stedt, trained in Brandt’s laboratory, did not follow the 
prevalent custom of obtaining percentages of constitu- 
ents and then making them up to 100 per cent; thus 
hiding errors which might otherwise reveal new sub- 
stances. His more careful study of a similar-appearing 
earth found in a cobalt mine in Helsingland was re- 
ported to the Swedish Academy in 1751. The follow- 
ing facts were presented as conclusive evidence of the 
presence of a new elementary substance. Action of air 
on the ore produced a green earth. This when treated 
with vitriolic acid gave a green vitriol, which changed to 
a gray colcothar, or oxide in modern terms, when 
strongly heated. A hard, white metal was obtained by 
reduction which gave no test for copper with borax, 
nitric acid, or alkali. Further analysis indicated the 
presence of a new element and not merely some cobalt 
“‘which had lost its soul.’’ In addition, Cronstedt pre- 
pared the calx, the sulfide, and a copper alloy of the 
element, which he named “nickel.’”’ Every known 
means was used to verify his conclusions. 

Although this report of Cronstedt’s was accepted by 
many chemists, others refused to agree. Two French- 
men—Sage in his “Elements of Local Mineralogy,” 
printed in 1772, and Monnet in his “Treatise on the So- 
lution of Metals,” published in 1775—assured their 
readers that cobalt and nickel were actually the same. 
In the latter year the problem was examined in a 
masterful manner by Torbern Bergman who proved 
that Cronstedt’s nickel had been somewhat contami- 
nated. With great care, Bergman himself prepared a 
pure form that was attracted by a magnet and showed 
in addition all the characteristics of a new element simi- 
lar to iron. Doubts were not completely settled until 
1811, after the investigations of Proust (1803 and 1806), 
Richter (1804), and Tupputi (1811), who between them 
isolated and distinguished the nickel salts as new 
entities. Sixty years is a long time to wait for vindi- 
cation but chemistry moved slowly and conservatively in 
those days. For many years the European chemists 
knew no use for nickel. Cronstedt, as early an 1754, 
had sought to use the nickel calx as a paint pigment to 
no advantage. Thenard, as late as 1824, wrote in his 
“Treatise of Chemistry” that nickel had no practical 
importance. Scientific advancement has changed that 
view. 
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USE OF BLOWPIPE 


The painstaking analytical work accomplished by 
Cronstedt was carried out before the present-day 
systematic procedures and modern inventions. The 
reagents which he had at hand were the few inorganic 
acids, bases, and salts which were known in the Middle 
Ages. The best instrument was the balance. Various 
vessels for studying such operations as solution, evapo- 
ration, distillation, sublimation, fusion, and ignition had 
been devised. The records of Johann Heinrich Pott 
about 1745 tell effectively the type of examinations 
which were made. Pott described the behavior of 
earths and stones which he recognized by the appear- 
ance produced either alone or in combination with other 
bodies or with different salts or glasses in different pro- 
portions and at different temperatures. Melting points 
could be ascertained and found to be reproducible for 
pure substances. Pott learned that clay did not melt at 
the highest temperature which he could reach. Its 
fusibility with the addition of chalk, borax, fluorspar, 
lead calx, or gypsum gave a variety of appearances to 
the molten masses, dependent upon the quantity of ad- 
ditional material used. The idea of using a blowpipe to 
detect very small amounts of materials was the next 
logical step. 

It is doubtful to whom the honor belongs of intro- 
ducing the blowpipe as an implement for chemical 
analysis. In his volume on “The Use of the Blowpipe 
in Chemistry and Mineralogy,’”’ Berzelius recorded the 
history of the device. Previously, the blowpipe had 
been used in the arts before it was adopted by the 
chemists. Such a tool had been utilized in the process 
of soldering by goldsmiths, who by its use could force 
the flame of a candle or a lamp against any special point 
they wished to heat. It enabled them to solder almost 
any type of jewelry without heating more than a small 
part of the object. The Venetian glassmakers had 
learned to blow molten glass into small molds. Libav- 
ius described such glass products in his chemical text in 
1613. In 1660 the records of the Academia del Cimento 
mentioned the use of glass tubes as bellows to construct 
fine glass objects. In 1669 Kunckel wrote that a double 
bellows for a blast lamp would be advantageous for the 
chemist who wished to reduce a metal calx. By means 
of the blowpipe the flame could be directed upon the 
calx, which‘was placed in the hollow of a charcoal block. 
The first man to carry out such operations extensively 
was Cramer, who was able to melt small bits of metallic 
material in this manner. By observation of this proc- 
ess, he obtained a quick proof of the composition. 
Cramer only considered the general appearance, the 
melt, and the result when a little borax was added. Be- 
cause blowing with the mouth was so difficult and also 
thought hazardous to health, bellows were designed and 
described to produce the air blast. 

The blowpipe was introduced into Sweden for special 
chemical analysis by one of three men. In 1746 Sven 
Rinman used the instrument to investigate an iron-tin 
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earth which he subjected to liquation. Bergman stated 
that von Swab performed blowpipe tests on minerals in 
1738. Since von Swab published nothing on the sub- 
ject it cannot be ascertained just how extensive his re- 
search might have been. The first written record de- 
scribing work with an antimony regulus appeared in 
1748. Von Engestrom insisted that Cronstedt was the 
first man to think of the use of the blowpipe to investi- 
gate minerals and emphatically stated that von Swab 
acknowledged that fact. While it is difficult to prove 
the truth, it is certain that Cronstedt was, if not the 
first, one of the first to perfect the blowpipe technique, 
which he clearly described in his search for nickel. By 
employing fusible reagents and by noting the changes 
produced by these fluxes Cronstedt judged with cer- 
tainty the composition of minerals. When established, 
this method enabled the investigators to detect very 
small differences in composition in a simple and accurate 
manner. Upon this improved analysis Cronstedt based 
his system of mineralogy. 

During these years when means of communication 
were less reliable and less rapid, Cronstedt worked al- 
most alone. He attained a high degree of ability in the 
use of the blowpipe before anyone outside his small 
sphere knew what he had accomplished. When Von 
Engestrom published the first English edition of the 
mineralogy, he added a chapter on the blowpipe which 
described Cronstedt’s methods for manipulating this 
instrument. When the English work was brought back 
into Sweden it aroused such general interest that it was 
translated into German, Italian, French, and Russian. 
At first men were unwilling to learn this difficult art 
until they were convinced that it was useful. For this 
reason the use of the blowpipe was confined to Sweden, 
where his contemporaries had seen Cronstedt work and 
could imitate him. Improvements by Bergman made 
the blowpipe indispensable. Gahn, Bergman’s suc- 
cessor, became still more proficient. Berzelius, whom 
Gahn taught, said, “I saw him (Gahn) obtain with the 
blowpipe distinct particles of metallic copper from dif- 
ferent sorts of paper after burning a quarter of a sheet to 
ashes.”’ Gahn never published an account of his refine- 
ments. Berzelius watched Gahn and recorded in his 
“Elements of Chemistry” what he observed. 

The simple blowpipe of Cronstedt, whose pre- 
eminence in the art of its use was acknowledged by all, 
was modified by many men, among whom were Gahn, 
Voigt, Tennant, and Wollaston. Later instruments 
were made of silver or tinned iron with a brass point. 
The flame was produced by a lamp. For the portable 
equipment designed by Cronstedt, a candle was sub- 
stituted for the lamp. The charcoal support prepared 
from pine or other soft wood was modified by the use of 
platine or mica. Cronstedt used three general reagents, 
basic carbonate, sodium borate, and sodium ammonium 
phosphate. It was fortunate that at the outset of 


blowpipe analysis the three best reagents had been found. 
In the fourth edition of Berzelius’ work on the blowpipe 
the number of reagents had been increased to 19. How- 
ever, five of them were used to identify elements un- 
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known to Cronstedt. The basis which he built had a 
solid structure, which was developed very slowly for the - 
next 75 years. 


OTHER STUDIES 


In addition to the two papers on nickel which were 
published in the Swedish Academy Transactions, 
Cronstedt wrote six others. Many indicated his inter- 
est in resources which would be of economic use to his 
country if they were available. In 1753 he was the 
author of apaperon gypsum. He wrote that “although 
Sweden is blessed by God in having an abundance of 
minerals, nevertheless there is a dearth of gypsum, or 
perhaps it has not been discovered in sufficient quantity. 
Its value is dependent upon the unique property that. 
makes it harden in water after ignition.” 

Cronstedt made a brief report on a mineral water 
from which silver could be precipitated. He was un- 
willing to state just how this was possible, but such 
waters should indicate the composition of the rocky 
material from whence they came. He investigated the 
blue color which he could obtain from a variety of grass 
known commonly as cow wheat or melampyrum by the 
botanists. Although he hoped that he might find a 
substitute for indigo, the blue color was too transient. 
Asked by the Royal Academy to study the usefulness of 
an iron hearth in a bake oven, he found that it saved 
two thirds the amount of wood required for one made of 
brick. He noted the expansion of the iron when heated, 
which might crack the surrounding walls; so care must 
be exercised in its construction. Cronstedt deplored 
the destruction of the Swedish forests by fire, which re- 
duced the quantity and quality of building materials for 
homes and ships and also the charcoal for production of 
iron. He studied the use of tile, brick, and slate as sub- 
stitutes for housing construction to relieve the shortage. 
This led to an economic survey of slate deposits, clays 
for ceramic wares, and the highways which were re- 
quired for transportation of the finished products. He 
was aware of the loss of heat in the operation of the iron 
furnaces and discussed the problems of finding ways to 
utilize it. In along article he published a mineral his- 
tory of Jamtland, which was a costly but important in- 
spection to discover the available natural resources in 
that district. In addition, Cronstedt pointed out that 
there should be amicable relationships between the 
agricultural and mining interests in the country. Many 
of the opinions expressed in these papers seem almost 
contemporary in spirit. 

The links in the chain of investigators in which he is a 
part are Boerhaave, Brandt, Cronstedt, Bergman, Gahn 
and Berzelius. For 150 years the eminence of the 
Swedish School was maintained without interruption. 
In his relatively short scientific life, Cronstedt’s work 
was so superior that it became the model for Bergman, 
who has been called the “father of analytical chemistry.” 
Cronstedt himself might well be given that title. The 
discovery of a new element, the introduction of new and 
improved analytical techniques, classification of miner- 
als, and practical applications of chemical information 


obtained in the laboratory were Cronstedt’s main con- 
tributions. His memory is perpetuated by a silicate 
named crondstedtite in his honor. What can be said of 
him can be said of some research workers today. Years 
ahead of his contemporaries, he was somewhat mis- 
understood in his lifetime, because other men did not 
grasp the import of his conclusions. Cronstedt rep- 
resents the skilled research man of any age, intensely 
curious, who is devoted to finding the truth for the sake 
of science and his country. 
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¥ AN ELECTRONIC 


A srupy of chemical kinetics ordinarily involves the 
measurement of the time elapsed before some evidence 
of a concentration change becomes apparent. While a 
watch or clock fitted with a sweep second hand is usu- 
ally adequate in an elementary chemistry course where 
fast reactions are customarily employed, there is some- 
thing to be gained by providing an audible time signal 
rather than a visual one, for the student can then con- 
centrate on carefully mixing the reagents at time zero 
and on continuous observation for the change. The de- 
vice to be described provides a tone impulse at a rate 
variable from 30 to 120 per minute and an additional 
characteristic signal for submultiples within a range of 5 
to 15 per minute. Adjusted for normal use the appara- 
tus emits a 400 cycle note every second and a 1000 cycle 
tone every tenth second. 

The instrument consists of three distinct units in- 
dependent enough to permit any to be omitted with no 
loss of function of the remainder. Sections 1 and 2 are 
multivibrator circuits with values of C and R selected to 
give the two different frequency ranges, while section 3 
is a modification of an audio oscillator previously de- 
scribed.! If one merely requires a single signal at equal 
intervals section 2 can be deleted and the proper values 
of capacitance and resistance selected. Further simpli- 
fication is possible, for section 3 can be eliminated if 


1 Marion, ALEXANDER, P., J. Cuem. Epuc., 24, 394 (1947). 
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the noise level in the laboratory is low enough to per- 
mit the click made by the closing relay to be audible. 

A power source capable of furnishing a maximum of 
175 volts d.c. at 25 ma. is required in addition to the 
components called for by the circuit diagram. The d- 
c. potential necessary for proper operation is not critical, 
for there is but little change in the beat rate when the 
voltage is reduced to 110 volts from the recommended 
175 volts. There is, however, a noticeable drop in the 
output of the audio oscillator at lower plate potentials. 
It is important that each of the Type-2050 tubes be 
operated from a separate filament winding although the 
6SN7GT can obtain its heater voltage from the source 
supplying 7». 

The beat rate is determined by the C-R combination 
between the cathode (pin 8) of the thyratron and ground. 
While the diagram specifies a 5-mfd. condenser, values 
of 2 mfd. and of 10 mfd. were also tried. A 2-mfd. 
capacitor passes about 2 ma. of plate current and re- 
quires a resistance of 0.4 megohm for a beat of 60 per 
minute, while the 10-mfd. condenser passes approxi- 
mately 6 ma. and produces the same beat rate with a 
resistance of 0.1 megohm. One could, therefore, use any 
high-quality, oil-filled capacitor and obtain the same 
rate by suitable selection of the parallel resistance, but 
too low a value of capacitance may not permit the flow 
of sufficient plate current to energize the relay. Not 
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only should these capacitors have low leakage but they 
must be capable of withstanding a d.-c. potential of at 
least 150 volts. The values specified in the parts list 
allow an ample safety factor. The fixed resistors R, and 
R; are protective in nature. 

The rather large value of the capacitor coupling the 
two multivibrators has an effect on the beat rate, for if 
T, is removed from its socket, section 2 has a range of 
from 3 to 8 per minute while its normal range with 7; 
operative is from 5 to 15 per minute. However, with 
the value of capacitance (250 mmfd.) suggested in the 
literature? it was found that a critical adjustment of Re 
was necessary to synchronize the second thyratron on 
the desired submultiple, while experiment showed the 
larger value of coupling condenser easily “locks’’ the 
two circuits. 

The relays used in the plate circuits of the thyratrons 
must be sensitive enough to respond to about 3 ma. 
The units actually employed are available at radio 
supply houses as war-surplus, differential relays con- 
taining dual 8000-ohm coils and bearing a part number 
of 803476. A separate relay was used for each tube, 
since attempts to use both sections of one relay gave 


* Taytor, ALBERT H., Radio and Television News, 43, 63 (Feb., 
1950). 


Tr Filament transformer; 6.3 v. at 1.2 amp. (Y-Y), 6.3 v. 
at 0.6 amp. (X-X) 


unreliable results, apparently because of the interaction 
between the magnetic fields as the currents built up. 

It should be pointed out that the tone developed by 
the audio oscillator depends upon the combination of 
inductance and capacitance between the grid (pin 4) of 
the 6SN7GT and ground. The primary of an output 
transformer is utilized for the inductance and, while a 
Jensen G8RS speaker and a matching transformer 
originally intended to couple a 6L6 to the voice coil were 
used because they were available, it is suggested that 
any transformer with a measured inductance of between 
four and seven henries be chosen and the proper tone be 
developed by an adjustment of the values of C; and C,. 
Because of the time constant the submultiple signal 
commences as that produced by the master multivibra- 
tor but rapidly breaks into its own tone. 

No audio amplification was incorporated in the circuit 
since the output proved sufficient for a group of 24 
students in a reasonably quiet laboratory. Initially the 
tone generator was omitted with the hope that the 
clicking of the relay would provide an adequate signal, 
every submultiple being slightly louder because of the 
coincidence of both relays sounding. But while it 
functioned satisfactorily for use by one or two individ- 
uals, the signal strength was too weak for class use. 
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* ELECTRODEPOSITION APPARATUS FOR 
STUDENT LABORATORIES 


T were are good pedagogic reasons fer including in ele- 
mentary quantitative analysis at least one electro- 
deposition determination, generally that of copper in a 
copper-base alloy. It illustrates a different, yet im- 
portant, type of separation preliminary to gravimetric 
measurement; it may be conveniently used to review 
(or initiate) the study of the basic relationships involved 
in electrochemical processes; it is an excellent intro- 
duction to the topic of oxidation and reduction. 


RECTIFIER 6-8 V OC. 
A.C. 

SPST 

SWITCH 


ELECTRODES ELECTRODES 
Figure 1. Simplified Schematic Diagram 


One deterrent to a wider adoption of an electro- 
deposition determination in the elementary course has 
been the rather high price of the equipment required. 
The commercial product, though in general well de- 
signed and constructed, is not essential in the under- 
graduate laboratory. The simple apparatus described 
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has given excellent service. It is easily constructed 
from readily available and inexpensive components, 
allowing a considerable number to be made available to 
the class; it is quite portable so that even the most 
petite feminine student has no difficulty in carrying it 
to her laboratory desk; it operates directly from the 
115-volt a.-c. line; the open wiring panel has proved 
very successful in demonstrating to the student the 
simplicity of the equipment and the essential principles 
of the method. (Too frequently the less inquisitive 
student using a commercial piece of apparatus completes 
an experiment with only a very hazy idea of how the 
equipment functions.) To assist the student he is 
given a simplified schematic diagram (Figure 1). 

The details of construction will be apparent from the 
photograph (Figure 2), the construction drawing 
(Figure 3), and the wiring diagram (Figure 4). The 
essential electrical parts are listed, together with a sug- 


Figure 2. Student Electrod ition A t 


MAY, 
4 
: 
t 
usué 
pur¢ 
T 
Wes woo 
1te). 
= a:- ae 
| 
| | | Th 
ho 
= 


tructed 
onents, 
able to 
€ most 
ying it 
om. the 
proved 
nt the 
nciples 
lisitive 
npletes 
the 

he is 


ym the 
rawing 

The 
sug- 


IS MAC. 
+ | | 
J 
| 
2 
Q 
‘o 
-| - + - 
Figure 3. Constructional Details Figure 4. Wiring Diagram 
gested source and the current price. The electrical Cod i . 
parts cost about $17 while the constructional parts are 
usually available in the chemistry shop or can be Velumeter 12. 
purchased for a few dollars. 3. Rheostat 13. Aluminum ‘block, X 
The base of the instrument is constructed of 1-inch 3/4 X in. drilled to 
nife switc receive glass tube 
wood, */s-in. ply wood, and */s-in. hardboard (Mason- 6. Binding posts, red 14. Formica “detnede side 
ite). The supporting metal framework is */s-in. brass, 7. Battery charger arm 
while the split sliding blocks which support the electrode Binding posts, black tubing 
arms and the air stirrers are of aluminum. The main j9 ; 
panel and the side arms carrying the electrode terminals =<— 
are of '/,-in. Formica. It is obvious that other mate- 
rials could be used. The side arms are fastened by two 
‘ Electrical C 
screws to the split block while the latter is fastened to B.. sr - 
the vertical rod by a screw passing through the split. —. ™ 
For simplicity, stirring of solutions is accomplished Quantity a rence 
by bubbling air through a capillary into the solution. —Reguired Description Radio Co. _ Price 
The line (rubber tubing) from the compressed air outlet 1 Rheostat, 25-watt, 50-ohm 8N8980 1.76 
is divided by a glass Y-tube into two lines (rubber : volts 
: mmeter, d. c., 0-3 amp. 27 
tubing), which lead to each capillary. An adjustable 1 Knife switch, SPDT . 9N16831 0.59 
screw clamp is inserted on one or both of the air lines to 1 Toggle switch, SPST . 9N12836 0.28 
Hari i 1 Off-On switch plate 9N12818 0.03 
on and equalize the amount of Battery GACE 
stirring in each solution. 3 Insulated binding posts, 13N13163 0.33 
Several dozen of the assemblies have been in use in 
undergraduate laboratories for some years with ex in. up (two colors) 


cellent results and a minimum of maintenance. One 
unit is usually provided for each laboratory bench, 
which accommodates six students per section. By pre- 
paring the solutions beforehand, a student can readily 
complete a determination in duplicate during a three- 
hour period. 

The instructions given the students for the operation 
of the apparatus are essentially those found in any 


standard textbook on elementary quantitative analysis 
plus the following details pertaining to the use of the 
present apparatus: 

After the electrodes are in place, insert the air tube so 
that its tip is about '/,-in. above the beaker bottom. 
Adjust the air current to give a rapid stream of bubbles 
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(3) 
ON 


without splashing. Commence the electrolysis, adjust- 
ing the resistance so that a current of 0.6 to 0.8 amp. is 
obtained at a poteatial of about 2 to 3 volts (remember 
that the two solutions are connected in series). 

To remove the electrodes, raise one set of electrodes 
slowly from the solution, with the current left on. 


Surveys on the origins of American scientists have 
shown that liberal arts colleges have a higher proportion 
of students continuing to the Ph.D. in the physical 
sciences than any other type of institution of higher 
learning.'! Sixty-seven members of the National Acad- 
emy of Sciences received their undergraduate training 
in liberal arts colleges.2 The present study has been 
undertaken to determine what contributions these small 
colleges have made to leadership in the American Chem- 
ical Society. 

Nine A. C.S. presidents since 1900 have been gradu- 
ates of liberal arts colleges. The table lists the insti- 
tutions which trained these leaders of American chem- 
istry. The booklet, “Awards Administered by the 
American Chemical Society, 1952,’’ contains the names 
of all recipients of the 11 prizes now given by the 
Society. The liberal arts colleges which trained the 
18 recipients of these awards are listed in the table. 
Awards administered by local sections of the A. C. 8S. 
are not included. ‘The College Blue Book’’ has been 
used to ascertain the liberal arts status of the colleges. 
Institutions which grant the Ph.D. degree, or which 
have professional schools of engineering, medicine, and 
other applied sciences are not classed as liberal arts. 
“American Men of Science,’ and ‘‘Who’s Who in Amer- 
ica”’ have been consulted for the biographical data. 
From this survey it can be concluded that one in 
five presidents of the A. C. 8. during this century re- 


1 Knapp, R. H., anp H. B. Goopricu, Science, 113, 543 (1951). 
2 Sampey, J. R., ‘Liberal arts colleges and the National Acad- 
emy of Sciences,’’ Science, 116, 309 (1952). 
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When electrodeposition is complete, wash the exposed 
cathode with a stream of water from a wash bottle as the 
electrode is being raised. As soon as the cathode jg 
above the surface of the solution, throw the short-out 
switch and continue deposition in the other beaker for 
an additional five or ten minutes. 


* A. C. S. LEADERS TRAINED IN LIBERAL ARTS COLLEGES 


JOHN R. SAMPEY and JANE SAMPEY 
Furman University, Greenville, South Carolina 


Liberal Arts Colleges Which Have Trained A.C.S. 
Presidents and Recipients of A.C.S. Awards 


A.C.S. Presidents 
Pure Chemistry Award 
Borden Award 

Eli Lilly Award 
Garvan Medal 
Paul-Lewis Award 
Priestley Medal 


Institution 


Fisher Award 


Allegheny 
Amherst 
Battle Creek 
Butler 
Carleton 

Centenary C.for Women .. .. .... .. 1 
DePauw 
Dickinson 
Haverford 1 

Hobart 1 

Til. Wesleyan 1 

Miami (Ohio) 1 

Okla. C. for Women 1 
Randolph-Macon 
Southwestern (Kan.) 1 

Transylvania 
Washington and Lee 
Westminster 
Williams 


ceived his undergraduate training in a liberal arts 
college, and that about the same proportion applies to 
recipients of Society-administered awards. 


CHEMICAL EDUCATION AWARD 


WE wou Lp like to remind our readers that June 1 is the deadline for nominations for the Sci- 
entific Apparatus Makers Award in Chemical Education. 
may be found on page 167 of our March, 1951, issue. 


Details of the nomination procedure 
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® THE HYDROGEN ION CONCENTRATION OF 
WEAK MONOBASIC ACIDS AND THEIR SALTS’ 


ACIDS ONLY 


Let HA represent a monobasic acid which does not 
ionize completely when dissolved in water. Then in a 
water solution the following equilibria must be satis- 


fied : 


which may be rearranged to 
and 
[H*][OH-] = Ky (2) 


The acid must exist in either the ionized or the mo- 
lecular form and the sum of these concentrations is the 
total concentration of the acid, so that 


[HA] + [A~] = Ca (3) 


Because the solution is electrically neutral, the number 
of positive and negative charges must be equal, and 


[H+] = [A~] + [OH-] (4) 
Substitution of (1) in (3) gives 


1 Presented at the 122nd Meeting of the American Chemical 
Society, Atlantic City, September, 1952. 
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CaKa 
[Av] = + Ke 
Substitution of (2) in (4) gives 


Equating and rearranging gives 
[H*]* + K.[H*]? — C.K.[H*] — K.~[H*] — KaKw = 0 (5) 


which is the relationship between [H+] and C, for any 
monobasic acid. 

The relative importance of the terms in equation (5) 
depends upon the values of K, and C,, as may be seen in 
Table 1. Table 1 also contains calculated values for the 
pH of a number of weak acid solutions. The numbers in 
the rows opposite the individual terms are approximate 
values for the negative logarithms of each term, 7. e., 
the px values, where pr = —logz. All terms with rel- 
atively large px values may be dropped without dimin- 
ishing the accuracy of the calculation. The following 
equations may be obtained from (5) by considering only 
the terms specified. 


Terms Equation 

H+] = Ke 
1,2 [H*] 2 + CiKa 2 
1,3,4 [H+] = VC.Ka + Kw 


TABLE 1 
Calculated pH Values of Weak Acid Solutions 
pKa 1 2 3 4 5 6 7 8 9 10 
=0.1M 
1 p{H*]? 3.6 4.7 6.1 7.5 9.0 10.5 12 13.5 15 16.5 
2 pK.[H*]? 3.4 5.1 7.0 9.0 11.0 13 15 17 19 21 
3 pC.K.[H*] 2.2 4.6 6.0 7.5 9.0 10.5 12 13.5 15 16.5 
4 pK,[H*] 15 15.6 16 16.5 17 17.5 18 18.5 19 19.5 
5 pK.aKw 15 16 17 18 19 20 21 22 23 24 
pH 1,3 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 
pH 1, 2,3 1.21 1.57 2.02 2.51 3.00 
C. = 0.001 M 
1 p[H*] 9.0 9.1 9.6 10.7 12 13.5 15 16.5 18 19. 
2 pK.[H*]? 7.0 8.0 9.4 11.1 13 15.0 17 19 21 23 
3 pC.K.[H*] 7.0 8.0 9.2 10.6 12 13.5 15 16.5 18 19.5 
4 pK,[H*] 17 17 17 17.6 18 18.5 19 19.5 20 20.5 
5 pK.K.y 15 16 17 18 19 20 21 22 23 24 
pH 1,3 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 
pH 1, 2,3 3.00 3.04 3.21 3.57 4.02 4.51 5.00 ta ‘ae ht 


SATION 
arts 


SALTS ONLY 
Salts of Weak Acids and Strong Bases 


Let BA represent the salt of a strong base and a weak 
monobasic acid. In a water solution equations (1) and 
(2) still apply. Let C, be the effective salt concentra- 


and 
C, = [HA] + [A-] 
Because of electrical neutrality 
[B+] + [H*] = [A~] + [OH~] 
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(7) 


(8) 


Substituting (1) in (7), (2) in (8), and solving as before 


tion, then gives 
C, = (6) + K.{H*]? + C,[H*]*? KaKw = 0 (9) 
TABLE 2 
Calculated pH Values of Solutions of Salts of Weak Acids and Strong Bases 
pKe 1 2 3 4 5 6 7 8 9 10 
C. = 0.1M 
1 p(H*]3 21.5 22.5 24 25.5 27 28.5 30 31.5 33 34.5 
2 pK.[H*]? 15.3 17 19 21 23 25 27 29 31 33 
3 pC.{H*]? 15.3 16 17 18 19 20 21 22 23 24 
4 pK, [H*] 21 21.5 22 22.5 23 23.5 24 24.5 25 25.5 
5 pKaKw 15 16 17 18 19 20 21 23 24 
pH 3, 5 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 
pH 2, 3, 5 7.15 7.52 8.00 
C, = 0.001 M 
1 p(H*]* 21 21 21.5 22.5 24 25.5 27 28.5 30 31.3 
2 pKa[H*]? 15 16 17.3 19 21 23 25 27 29 30.9 
3 pC,{H*]? 17 17 17.3 18 19 20 21 22 23 23.9 
4 pK.[H*] 21 21 21 21.5 22.5 23 23.5 24 24.4 
5 pK.Ky 15 16 17 18 19 20 21 23 24 
pH 3, 5 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 
pH 2, 3, 5 7.00 7.02 7.15 7.52 8.00 
pH 3, 4, 5 As 9.98 10.43 
TABLE 3 
Hydrogen Ion Concentrations of Various Ammonium Salt Solutions 
(Calculated from Equation 11) 
Term HIO; ClC2H202 CIC:H;02 C2H,0, C;sH,O:N, C3H;0;N3 HClO HCN 
0.1M 
1 K,[H+)* 26 26 29 30 33 35 39 41 42 
2 C.K, (H*)* 21 22 24 25 27 29 30 31 33 
3 K.K,([H*]* 21 22 26 28 31 33 35 37 42 
4 K,[(H*]? 30 30 32 33 35 37 38 39 42 
5 KaKw{H*]? 25 26 29 31 33 35 37 39 42 
6 K,K.[H*]? 29 29 31 32 33 34 35 36 37 
7 C,k,wel*| 31 22 25 25 27 28 30 31 33 
8 K.aK»,Kw[H*] 25 25 28 29 31 32 34 34 37 
9 [K.w]?{H*] 33 33 34 34 35 36 36 36 37 
10 K.[Kw]? 29 29 31 32 33 34 5 35 37 
pKa 0.72 1.30 2.80 3.68 4.75 5.82 .70 .43 9.14 
{H*] 2, 7 10 5.3 xX 10-* 9.4X 3.4X 1.0 X 107 2.9 1.1 X 10-* 4.5 X 107° 6.3 X 10* 
[H+] 2,3,7 6.0X10-* 4.3X10-° 
pH 5.22 5.37 6.03 6.47 7.00 7.54 7.98 8.34 9.20 
0.001 M 
1 as above 29 29 30 30 33 35 39 41 42 
2 as above 26 26 26 27 29 31 32 33 35 
3 as above 24 25 26 28 31 33 35 37 42 
4 as above 32 32 33 34 35 37 38 39 42 
5 as above 27 28 29 31 33 35 37 39 42 
6 as above 31 31 31 32 33 34 35 36 37 
7 as above 24 25 26 27 29 30 32 33 35 
8 as above 26 27 27 29 31 32 34 34 37 
9 as above 34 34 34 35 35 36 36 36 37 
10 as above 29 29 31 32 33 34 35 35 37 
(H*] 2, 7 1.0 X 10 5.3 X 10-* 9.4X 10-7 3.4 1.0 X 10-7 2.9 x 10-* 1.1 X 10-* 4.5 X 6.3 X 10°” 
[H+] 3, 7 7.56% 10" 7.6X 107 
2, 7,8 2.0 10-* 1:1 X 10-* 4.6 x 
7.5 10-7 7.5% 107? 5.9 10-7 3.1 1077 1.0 X 2.9 10-* 
[H+] 2, 6, 7, 
pH 6.12 6.12 6.23 6.51 7.00 7.54 7.97 8.34 9.19 
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This equation differs from (5) in the third term only. 
However, the relative importance of the terms is dif- 
ferent as may be seen in Table 2. The following equa- 
tions may be obtained from (9) by considering only the 
terms specified : 


Terms Equation 
2, 3, 5 = 
2 


Table 2 contains px and pH values, calculated from 
the appropriate equations for a number of representa- 
tive salts. 


Salts of Weak Acids and Weak Bases 


In addition to the equilibrium equations (1) and 


(2), 


259 
[B*}(OH~] 
[BOH] 


is needed. Let C, be the effective salt concentration; 
then 


= K, (10) 


C, = [B*] + [BOH] 
and 
C, = [A~] + [HA] 
Equation (8) still applies. By substitution and 
simplification the following equation may be obtained: 
K.[H*]* + C,.K.[H+]* + K.K.[H*]* + 
+ K.K.({H*]? K.K,[H*]? = C.KeK.[H*] 
— [Ku]*{H*]) — Ka[Ku]*? = 0 (11) 
As a rule only terms number 2, 3, 7, and 8 are appli- 


cable. In very dilute solutions of the weakest acids 
terms 9 and 10 become significant. 


The following approximate equations may be ob- 
tained by consideration of the indicated terms. 


TABLE 4 
Calculated pH Values of Solutions of Weak Acids Plus Their Salts of Strong Bases 
pKa 1 2 3 4 5 6 7 8 9 10 
C=C. =0.1M 

1 p[H*]? 4.1 6.2 9.0 12.0 15 18 21 24 27 30 
2 pK.([H*]? 3.8 6.1 9.0 12 15 18 21 24 27 30 
3 pc,[H*]? 3.8 6.1 7.0 9 11 13 15 17 19 21 
4 pC.K.[H*] 3.4 5.1 7.0 9 11 13 15 17 19 21 
5 pK.[H*] 15.4 16 17 18 19 20 21 22 23 24 
6 pK.Kw 15 16 17 18 19 20 21 22 23 24 

pH 3, 4 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 

pH 1,2, 3,4 1.38 2.07 3.00 

C, = C. = 0.001 M 

1 p[H+]* 9.0 9.0 10.2 12.2 15 18 21 24 27 30 
2 pK.[H*]? 7.0 8.0 9.7 12.1 15 18 21 24 27 30 
3 pCc.[H*]? 9.0 9.0 9.7 a. 13 15 17 19 21 23 
4 pC.K.([H*] 7.0 8.0 9.4 11.1 13 15 17 19 21 23 
5 pK.[H*] 17 17 17.4 18 19 20 21 22 23 24 
6 pK.Ky 15 16 17 18 19 20 21 22 23 24 

pH 3, 4 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 

pH 2) 4 3.00 3.00 3.00 

pH 1, 2,3, 4 3.00 3.07 3.38 4.07 5.00 

C, = 0.001 M Co. =0.1M 

1 p{[H*]3 3.6 4.7 6.1 Ys 9.6 12 15 18 21 24 
2 pK,([H*]? 3.4 5.1 a 9.1 11.4 14 17 20 23 26 
3 pC. [H*]? 5.4 6.1 | 8.1 9.4 13 15 17 19 
4 pC. K.[H* 3.2 3.6 6.0 6.6 9.2 11 13 15 17 19 
5 pK.[H*] 15 16 16 17 17 18 19 20 21 22 
6 pK.Kw 15 16 17 18 19 20 21 22 23 24 

pH 3, 4 me 0 1 2 3 4 5 6 7 8 

pH 1) 4 1 1.5 2.0 2.5 3 

pH 1, 2, 4 1.21 1.57 2.02 2.51 bu doe pig 

pH 1, 3, 4 2.57 3.21 4.04 5.00 

pH 1, 2,3,4 1.57 2.04 2.57 

C, =-0.1 = 0.001 M 

1 p{[H+]3 9.9 12.1 15 18 21 24 27 30 32 33 
2 pK.({H*]? 7.6 10.1 13 16 19 22 25 28 31 32 
3 pC,[H*]? 7.6 9.1 11 13 15 17 19 21 23 23 
4 pC.K.[H*] 7.3 9.0 11 13 15 17 19 21 23 24 
5 pK,.({H* 17 18 19 20 21 22 23 24 25 26 
6 pK.Kw 15 16 17 18 19 20 21 22 23 24 

pH 3, 4 3 4 5 6 7 8 9 10 ll 12 

pH 2, 3, 4 3.30 4.04 5.00 

pH 3, 4, 6 9.00 9.96 10.79 10.97 


(7) 
(8) 
before 
0 (9) 
Kw 
2C, 
| 
34.5 
25.5 
11.50 
1.3 
0.9 
3.9 
4.4 
4 
0.50 
0.43 | 
'N 
Q-10 


Terms Equation 
2,7 [H+] = 
b 
2, 3,7 = 
2,7,8 [H+] = + 
2, 3, 7,8 [Ht] = 


Table 3 contains px and pH values calculated for a 
number of representative ammonium salts. 


ACIDS AND SALTS TOGETHER 
Salts of Strong Bases and Weak Acids 


Equations (1), (2), (6), and (8) still apply. In 
addition, 


Ca + C, = [HA] + [Aq] (12) 


From these relationships the following equation may be 
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When C, is zero this simplifies to (5). When (, is 
zero it reduces to (9). The fifth term in (13) is rarely 
significant, but each of the others becomes important 
under certain conditions. Table 4 lists calculated 
values of px and pH. In the construction of this 
table the following approximate equations derived 
from (13) were used: 


Terms Equation 
3, 4 [H+] = 
1,4 [H+] = VC.K. 
1 ox. -% 
1, 3,4 = /(2)" + cx. - 
K 
1, 2,4 +) = 4/(Ke Ke 
[H+] + C.K. — 
2, 3,4 [H+] = 
1, 2, 3, 4 [H+] = 


VE + + C.K, 


derived: 3, 4, 5, 6 [H+] = aK sa") +* + 
+ Ka[H*]? + C,[H*]? C Ka + Ke 
KylH*] — KaK» = 0 (13) 20, 
& PROPERTIES AND THE PERIODIC TABLE 


A wumper of investigators have presented certain 
properties of elements by use of the long form of the 
periodic table.''? This device is an excellent method 
for showing the tendencies by family and by group of 
common physical and chemical properties. 

One drawback to this fundamental presentation has 
been the lack of suitable forms or charts for the record- 
ing of such data. Another factor that has retarded the 
use of such presentation has been the disregard by 
many investigators of the fact that compounds of the 
elements exhibit similar characteristic trends by family 
and by group. The historical prediction of properties 
of elements by the properties of surrounding elements 
before the element itself was isolated may also be used 
in like sense for compounds of the elements. 

Fundamental work concerning metallic formates in 
this laboratory led to an investigation of chemical and 
physical properties of all of the formates reported in the 
literature to this time. Tabulation of these data was 
best done in periodic form; experience gained in the 


1 HazLenurst, T. H., anv F. J. Fornorr, J. Cuem. Epvuc., 20, 
77-9 (1943). 
2 KLINGENBERG, J., AND L. SprineMAN, ibid., 29, 81 (1952). 


RICHARD N. RHODA 
Lehigh University, Bethlehem, Pennsylvania 


construction of this chart 
will be of value to other in- 
vestigators. The chart con- 
sisted of the long form of 
the periodic table, with two 
rows below for the lanth- 
anide and actinide series. 
The space for each element 
was a rectangle | inch wide 
and 2 inches deep. These 
dimensions were chosen in 
order to provide adequate 
space for entering data, at 
the same time keeping the 
size of the chart within reas- 
onable limits. The symbol 
and atomic number of each element were placed in the 
proper rectangle in as fine print as possible, the remain- 
ing space being free for additional data (see the figure). 

The rectangles for recording data in the chart were 
ruled off in several ways, depending on the type of data 
collected. For data concerning a single property the 
space was not ruled further; for multiple data such as 


One Element-Rectangle of 
the Chart, Actual Size 


MAY 


melti 
isten 
horiz 
spact 
lium 
plans 


a 
r 
poin 
of t! 
sion 
Ace 
a ext 
he 
wil 
: 
| 


SATION 


n C, is 
 Tarely 
portant 
culated 
of this 
Jerived 


chart 
er in- 
t con- 
‘m of 
h two 
anth- 
eries, 
ment 
wide 
hese 
in 
yuate 
a, at 
the 
reas- 
mbol 
1 the 
nain- 
ure). 
were 
data 
the 
h as 


MAY, 1953 


melting point, boiling point, solubility, and the ex- 
istence of hydrates, the spaces were ruled into four 
horizontal sections as indicated in the figure. Adequate 
space is present on the chart, especially between beryl- 
lium and boron and magnesium and aluminum, for ex- 
planatory symbols and codes. 
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Copies of the various types of this presentation can be 
made quite cheaply by use of a reproduction method of 
the Ozalid type, or can be printed in pads for greater 
use. Advanced undergraduate and graduate instruc- 
tion, as well as fundamental research, can be greatly 
enhanced by the use of such charts. 


a A CONTINUOUS LIQUID-LIQUID EXTRACTOR FOR ORGANIC SOLVENTS 


DENSER THAN WATER 


ExTrACTION of aqueous solutions with denser organic 
solvents has been accomplished conveniently, with good 
temperature control, using the simple apparatus shown. 

The extraction chamber A, and the outer wall of the 
coil condenser, were constructed from 45-mm. o.d. 
Pyrex tubing; to permit temperature control, the 
condenser coil extended into the aqueous solution to a 
point about even with the uppermost level of the solvent 
return line B. The length of chamber A and the height 
of the top of the return line B are critical; the dimen- 
sions given in the diagram have been found satisfac- 
tory for methylene chloride extraction of dilute aqueous 
solutions up to about 350 ml. in volume. 

To carry out an extraction, about 100 ml. of the or- 
ganic solvent is placed in chamber A, and then the aque- 
ous solution is introduced. The condenser unit is 
placed in position, and the organic solvent in flask C 
boiled vigorously. Drops of organic liquid up to 1 cm. 
in diameter begin to descend through the aqueous 
solution. If small volumes of solution are to be ex- 
tracted, the required liquid level in chamber A may be 
maintained, with a reasonable volume of organic 
solvent, by introducing 30-cm. lengths of glass rod. 

The efficiency of the apparatus was determined by 
extraction of 1 N acetic acid with methylene chloride 
and titration of aliquots of the two phases in chamber A. 
Acetic acid in the organic phase was found to attain 
76 per cent of its equilibrium concentration as deter- 
mined with use of a separatory funnel. This rate of 
extraction is comparable with that secured in the more 
complicated and less versatile apparatus used by Hersh- 
berg and Wolfe.! 

In practical use, it has been found that the apparatus 
will handle systems which give very troublesome emul- 
sions when extraction is attempted with a separatory 
funnel, or with ether in the usual continuous-type 
apparatus. A length of wire with a loop at its lower 
end, inserted through the top of the condenser and 
manipulated at the interface in chamber A, is useful 
in controlling emulsions. 


1 J. Biol. Chem., 141, 215 (1941). 


ROBERT E. HARMAN 
University of California, Berkeley, California 


A | 
8mm. o.d. 
20 cm. <— 45mm.o.d. 
— 45/50 
23cm 


37 cm. 


A Continuous Liquid-Liquid Extractor 
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* RECENT RESEARCH ON SUGAR MAPLES’ 


Tue maple industry is an old one in New England, and 
through the years a considerable amount of work has 
been done on the chemistry of maple sap and maple 
syrup. Much of this work was done by C. H. Jones, 
our station chemist, who addressed this Association 
here in Burlington in 1935. Recently a group of us in 
the Botany Department—Dr. Taylor, Dr. Sproston, 
myself, and others—have become much interested in 
maple. Rather than give you a detailed account of the 
research projects we are engaged in, I shall try to point 
out some of the areas where research should yield im- 
portant fundamental information and at the same time 
benefit the industry. 

Most of the commercially important substances se- 
cured from woody plants such as resins, gums, alka- 
loids, appear to be by-products of the plants’ metabo- 
lism. The function of these substances in the plan is 
not well understood. In contrast to these, maple sap 
is a solution of compounds which occur in the conduct- 
ing elements in the plants and are used by the growing 
buds and the cambium to produce new growth. It may 
surprise you that even now we do not have a complete 
analysis of this sap. It is a dilute solution having, on 
the average, about 3 per cent solids and a pH of about 
7. Of these solids approximately 95 per cent is su- 
crose, 1 per cent or less reducing sugars, 1.5 per cent 
ash, 1.5 per cent malic acid, and about 0.2 per cent pro- 
tein as determined by the Kjeldahl method. The ash 
contains calcium, potassium, phosphorus, sodium, mag- 
nesium, manganese, silicon, sulfur, chlorine. There are 
also present, in addition to the malic acid, formic, ace- 
tic, citric, fumaric, and succinic acids. Recently the 
U. S. Eastern Regional Research Laboratory has been 
working over these organic acids and finding some addi- 
tional ones. Dr. Sproston and his group here were 
interested in the nitrogen fraction, and they found a 
protein and a polypeptide. Most interesting of all was 
the fact that no free amino acids were present. An- 
other one of our group, Miss Greene, is at the moment 


1 Based upon an address presented at the Fourteenth Summer 
Conference of the New England Association of Chemistry 
Teachers, University of Vermont, Burlington, Vermont, 
August 18, 1952. 


JAMES W. MARVIN 
University of Vermont, Burlington, Vermont 


chromatographing sugars to see whether there are some 
additional sugars in minute amounts which we have not 
so far known about. If this should prove to be the 
case, they will be very interesting from a physiological 
point of view. 

Maple flavor or flavors found in maple syrup and 
maple sugars are of considerable interest. Maple sap 
has little or no maple flavor. We have been processing 
fresh sap through a Strumia apparatus and reduced it 
to a freeze-dried solid material. The maple flavor de- 
velops on heating at atmospheric pressure. We do not 
know what this flavor is. Nelson has isolated an un- 
stable phenolic substance which is similar in its odor 
and properties to vanillin. Snell, after repeated frac- 
tionations from a chloroform extract of syrup (1939), 
found a reddish viscous oil which developed a maple 
odor. Recently a synthetic maple flavor has been pro- 
duced as the result of a browning reaction between 
alpha amino butyric acid and glucose, but the complete 
story on the parent compounds and the development 
of the flavor isn’t known. , 

Those of you who have had experience in the food 
industry know how difficult it is to characterize some 
flavors. Two years ago one of the big blenders was in- 
terested in setting up taste panels and wanted known 
samples to use for references. One of the group came 
up here and we went about this area, talking with people 
who had had a good deal of experience with maple 
syrup. We went to one man who is a successful packer 
of pure maple. Unfortunately he was in bed with the 
grippe. His wife is a prominent member of this firm, 
and we told her our story, saying that we were trying 
to get a verbal description of the flavor characteristics 
of a good A or No. 1 syrup. She asked me where my 
home was and I had to confess that I had come origin- 
ally from Connecticut, and the chap with me confessed 
that he was from Maine. The lady snorted somewhat 
and said, ‘‘Well, if you had been native born Vermonters 
you wouldn’t have asked me this question, and since you 
are not, it is not possible for me to describe it to you.” 

As botanists we are interested in the maple tree. It 
is a wild plant, and fortunately our New England maples 
show many of the characteristics of a hybrid population. 
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One would expect to find variations in the three char- 
acteristics which are important to us, and which would 
be desirable in developing an improved stock for or- 
chard planting. These characteristics are high sugar 
content, abundant flow, and rapid growth. Dr. Taylor 
has been studying the first of these, the variation of 
sugar content, over nine seasons and on several thou- 
sand trees. He found it desirable to make his deter- 
minations directly at the tree when the sap was flowing 
freely. Using hand refractometers it is possible to test 
about 100 trees an hour, and with several workers an 
entire sugar bush can be tested on any particular day. 
This is very important because he found that the sugar 
content of individual trees varies not only from season 
to season, but within the same season. The important 
point comes out, however, that a tree with high sugar 
content, although it may vary from time to time, main- 
tains its position relative to the other trees in the popu- 
lation. We have found a very few trees with a sugar 
content much higher than average so that, from the 
point of view of this variable at least, we can expect 
something like a 100 per cent increase over the average 
figure of the sugar content of trees in the state. 

The mechanism of sap flow in the spring is a problem 
very intriguing to botanists and still not entirely under- 
stood. Some of the earliest work was done in the 
’80’s when it was shown that very considerable pressures 
occur in the stems of some plants, and that these pres- 
sures are responsible for the flow. Mr. Jones, about 
1900, did a considerable amount of work in which he 
demonstrated that a physical explanation such as liquid 
expansion, or gas expansion or expansion of the wood 
could not account for the magnitudes found. The 
flow is clearly the response to a temperature rise, and 
it does not result from a movement from the roots as it 
is popularly pictured. We have done many experi- 
ments under conditions of controlled temperature using 
small sections of maple stems. Under these conditions 
a flow quite comparable in amount to that found in 
nature occurs. If the ends of these sections of stem are 
allowed to absorb water or a solution of sucrose, re- 
peated flows can be produced. The technique is simple. 
The stems are cooled, frozen, and then warmed, the 
amount of flow measured and the rate observed. We 
have found that one can substitute the vessel sap from 
one tree for the vessel sap in another and get apparently 
normal flow. We can also wash out the vessel sap and 
put in a synthetic sap of sucrose with its concentration 
isosmotic with the sap in the plant and get a normal 
flow. If sugars other than sucrose are tried, disaccha- 
rides such as maltose and lactose cause a flow, also the 
trisaccharide, raffinose. If instead of using a sugar, 
distilled water is perfused through the stem after freez- 
ing and thawing, instead of a flow an absorption of water 
occurs. If hexose sugars are used, the physiological 


response is similar to that with distilled water—namely, 
they absorb. It is apparent that here we are not deal- 
ing with a simple osmotic system. If we were, one 
would suspect that we could substitute one chemical 
compound for another if the osmotic concentrations 


were the same, and membrane penetration did not 
occur. That is not the case. Depending upon the 
sugar, the mechanism either works well or does not 
work at all. Another reason that it does not seem to be 
a simple osmotic system is the fact that the rates and 
amounts of flow are not functions of the concentration 
of osmotically active substances in the sap. Osmosis 
may very well play a part, but if it does, it is one step 
in a multiple-factor mechanism. 

There are one or two comments about the mechanism 
that can be made with certainty. If a flow occurs, it 
occurs on a rising temperature, and a falling tempera- 
ture always causes a reduced rate, and frequently the 
flow stops. At this point you are probably thinking, 
“The temperature of what?” At our experimental 
maple farm in Underhill, Vermont, we have, for three 
seasons, kept accurate records of temperatures of the 
bark, of the wood, and of the twigs, using thermocouples 
and potentiometer recorders. At the same time we 
have been recording the rates and amounts of flow. 
From these observations it has become clear that the 
wood temperatures (and it is from the wood that this 
flow occurs) do not change very much. Rather the 
bark temperatures and the twig temperatures are the 
ones that show a marked diurnal fluctuation with which 
the flow rate changes correlate the best. It became 
evident very soon from these observations that a freez- 
ing temperature is not necessary. There is nothing 
mysterious about the effect of 32°F. or 0°C. on the flow 
mechanism. We have records of repeated flows in 
which neither the twigs, bark, nor wood got down to 
0°C. It is essential, however, that there be a period 
of cooling before the next flow period. From that point 
of view, our diurnal cycle of 24 hours is not a particu- 
larly good one for maple flow. A 36- or 48-hour day 
would be very much better. Wood and bark are good 
insulators, and the few hours between sundown and 
sunrise are not sufficient to cool the wood very much. 
I think this explains why in the middle of the season the 
farmers say, “If we could only have a good wet snow 
that sticks to the trees... .’’ They mean that they 
would like to have a night and a day and another night 
of cooling temperatures, after which, with the normal 
daytime temperatures in the 50’s, a temperature change 
of some 20°F. could be expected. That is sufficient to 
produce a good flow. 

We are finding that just as in the case of sugar con- 
centration so also there are individual differences in the 
flow-rate pattern. We have sufficient data to know 
that these two persist from season to season. This 
gives us considerable courage to go on with this sort of 
work and we hope ultimately to have available a quan- 
tity of pedigreed trees, with both superior sugar content 
and flow characteristics. 

As you all know from current popular scientific litera- 
ture, there is a good deal of work done with tree breed- 
ing. Our native maples grow rather slowly, at least 
more slowly than we would like. There is a maple in 
the Columbia River Valley which grows very rapidly. 
I have had them grow as much as five feet tall the first 
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year from seed. Unfortunately these plants are not 
hardy in Vermont and cannot take our rigorous winters. 
They do, however, flow maple sap and I have thought 
that hybridization, if possible, would be interesting. 
Consequently, using pollen from this western maple, we 
have been successful in getting a few hybrid seeds and 
are watching these new maples with great interest. 
There is one question you might very well ask. 
“Does tapping injure the tree?’ Tapping per se 
doesn’t injure it. It isn’t possible to take out enough 
sugar to injure or starve the tree unless one puts in some 
dozen or two spouts. However, the injury that results 
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from tapping makes a wound which is easily infected 
and many of our good trees are going out of production 
as a result of decay from this injury. Dr. Sproston’s 
group has isolated the disease-producing organisms, 
and we now know a good deal about it and are in the 
process of developing what we hope will be effective 
control measures. 

I think perhaps this brief discussion will suffice to 
indicate that in the biology, physiology, biochemistry 
as well as pathology of our native trees there are inter- 
esting problems and important answers awaiting a 
solution in nearly any direction one may turn. 


To the Editor: 

For some time I have been using a somewhat different 
method of preparing punched cards for indexing infor- 
mation than that suggested by Dr. George R. Thomas 
in the August, 1952, issue of THIs JOURNAL. 

I have found it convenient to prepare my punched 
cards by use of a punch of the type used in preparing 
papers for plastic binders similar to the spiral binder. 
These punches make a series of rectangular holes 7 X 3 
mm. in size spaced 7 mm. apart, and will accommodate 
cards up to about 2 ft. on the side. By utilizing all 
four edges of the card I have 44 holes on a standard 5- 
X 8-in. file card. 

In situations where a punch of this type is available I 
believe the preparation of cards is simpler than that 
described, and that the relatively long horizontal hole 
makes alignment of holes easier than the small round 
hole usually used. I find a microspatula handy for 
sorting. 

We are using these cards for our master file of test 
items in addition to indexing information of other types. 


E. 
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To the Editor: 

D. F. Swinehart, in ‘More on oxidation numbers” 
[J. Cuem. Epuc., 29, 284 (1952) ], invites at least three 
questions. To his categorical statement “‘it is simply 
not necessary ever to ask this question” (what is the 
oxidation number of the element), the following query 
may be made: How did he decide that what he re- 
ferred to as ‘oxidation half reaction’’ is oxidation, not 
reduction, or something else? 

His starting with H in NH,CNS seems arbitrary. 
How does one know what to begin with? With the 
other half reaction, for example? 

He calls the ion-electron method “intellectually 
honest.”” How does he propose to explain: 

2KMnQ, + 16HCI — 2MnCl, + 5Ch + 8H,0 + 2KCI 

Regarding your editorial of December, 1950, I would 
suggest the name reaction. The word connotes chemi- 
cal interaction, and can be legitimately used whether 
the “equation” is complete, incomplete, balanced, or 
unbalanced. Thus, one might say: Complete and 
balance the following reaction: 


HCl] + Zn > 
Or, balance the following completed reaction: 
HCl + Zn H; + ZnCl, 


Or, complete and balance the following incomplete 
reaction: 
KMn0O, + HCl MnCl, + Ch + 
BreNVENIDO T. MrranpDA 


UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 
[Editor’s Note: We have usually assumed that a re- 
action is a tangible process of some sort, rather than a 
group of words or symbols. If so, one could scarcely 
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write a reaction but rather a description of one. If such 
a description is what we are to mean by the word, 
“reaction”? we can conceivably follow the suggestion 
made above, but it seems likely to lead to confusion. 
Only a few of the characteristics of a reaction are de- 
scribed by the usual chemical equation; always the 
weight balance (if the equation is correct and com- 
plete), infrequently the mechanism. | 


To the Editor: 

It seems to me that Mr. Miranda’s questions are 
really answered by a careful rereading of my paper. 
However, I offer herewith a set of directions which I 
hand to students as a guide in applying the method to 
balancing redox equations. 


I. Products of the reaction must be known. This information 
may be obtained from general chemical knowledge but 
it is fundamentally experimental information. 

II. Write all ionic substances as ions with proper charges. 
Write all weak electrolytes or nonelectrolytes as neutral 
molecules. 

III. Separate the reaction into an oxidation part and a reduc- 
tion part. Which is which need not be known at this 
point. 

IV. Balance each part separately. 

A. First, balance atomically, ignoring charges. 
1. Balance atoms other than hydrogen and oxygen by 
inspection. 
2. Balance hydrogen and oxygen last as follows: 
a. inacid solution 
(1) if hydrogen is needed, add H+. 
(2) if oxygen is needed, add H.O and get H*. 
b. in neutral or alkaline solution 
(1) if hydrogen is needed, add H.O and get 
OH- 


(2) if oxygen is needed, add OH~ and get H,0. 
B. Second, balance electronically by simply counting net 
charges on both sides and adding electrons to the 
proper side so that there are the same net number 
of charges on both sides. The half-reactions are 
now completely balanced. The oxidation half- 
reaction is the one with electrons on the right side; 
the reduction half-reaction is the one with electrons 

on the left. 

V. The final balanced ionic equation is obtained by multiply- 
ing each half-reaction by an appropriate constant and 
adding them together such that the free electrons cancel 
out. 


From IVB it is apparent that the decision as to 
whether a half-reaction is an oxidation or a reduction is 
a result to be found, not a decision arrived at in the 
beginning arbitrarily. 

I do not understand what Mr. Miranda means by 
“His starting with Hin NH,CNS...” It is apparent 
from the paper that I started with nitrogen. To be 
sure, exactly where one starts is arbitrary but in general 
a starting point is indicated in IVA. ; 

I do not propose to try to “explain’’ Mr. Miranda’s 
equation showing the oxidation of HC] by KMnO,. I 
propose to arrive at a balanced equation only, if the 


formulas of the reactants and products are given. If 
one follows the above directions, writing strong elec- 
trolytes as ions, one easily arrives at the half-reactions: 


2Cl- = Cl, + 2e- 
MnO,” + 8H+t + 5e- = Mntt + 4H,0 


yielding the balanced ionic equation 

2MnO,~ + 10CI~- + 16H*+ = 2Mn++ + 5Cl. + 8H:O 
Adding six chloride ions and two potassium ions to both 
sides and combining ions into neutral “molecules” 
yields Mr. Miranda’s “‘molecular’’ equation. 

Lastly, it needs to be emphasized that this method is 
in no way intended to convey meaning as to mechanism. 
It is only a systematic and essentially infallible 
technique for arriving at a final balanced equation which 
in no way depends on arbitrarily assigned oxidation 
numbers. 


D. F. 


UNIVERSITY OF OREGON 
EuGENE, OREGON 


To the Editor: 


May I take this opportunity to sug- 
gest a solution to the problem pre- 
sented by Julius Sumner Miller [J. 
Cuem. Epvuc., 29, 634 (1952) ]? 

Bend a length of glass tubing (whose 
diameter is sufficiently small to allow 
passage of the fluid between it and the 
bottle neck) at a sharp angle and draw 
out a small knob (A) at the bend as 
illustrated. With the large bottle 
upright and with the operator’s finger 
over the opening at B, the tube is in- 
serted to the bottom of the large bottle. 
The whole assembly is then inverted 
and the flow of air into the large bottle regulated with a 
finger to produce the desired rate of flow. The oil 
should flow down the tube and drop off the knob which, 
of course, is held over the smaller bottle. 

LAWRENCE E. CoNLoNn 


Moorestown, New JERSEY 


To the Editor: 


Could you please refer me to a good organic chemist 
who would be ready to correspond with me about some 
interesting problems in organic chemistry? 


D. B. IsHay 
29 HaTIKVAH STREET 
Kiryat Morzki1n 
Harra, 
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* PRINCIPLES AND METHODS OF CHEMICAL 
ANALYSIS 


Harold F, Walton, Department of Chemistry, University of Colo- 
rado. Prentice-Hall, Inc., New York, 1952. ix + 435 pp. 
Illustrated. 22cm. $6.50. 


Tuis book is well designed as an advanced text in the more clas- 
sical forms of quantitative analysis, or, as the author puts it, in 
“conventional” analysis. Considerable attention is given to the 
newer methods such as ion exchange, the ‘‘complexones,’’ and 
nonaqueous titrations. Noninstrumental methods, in the present- 
day usage of the term, are stressed, although the author realizes 
the difficulties of such a distinction. Thus coulometric methods 
and high frequency titrations are included, and potentiometry is 
thoroughly discussed as being germane to all titration procedures. 
The general plan is to discuss the fundamentals of the various 
methods and then to present practical examples taken from useful 
procedures and, in some cases, the techniques involved. Problems 
are included in all but the introductory chapters. The emphasis 
is not on the procedures or on explicit directions; however, a wide 
variety of determinations are mentioned. Enough practical 
information is contained in the book that its value as a general 
reference is enhanced. The text presupposes a knowledge of 
physical chemistry in the development of the theoretical parts, 
and considerable organic chemistry is included throughout. The 
book fills a need for texts or references between the usual under- 
graduate material and more specialized graduate-level courses. 
It would fit best as a senior undergraduate test, but since our pro- 
grams do not generally allow room for such a course, it can serve 
in a beginning graduate course. 

Roughly the first half of the book treats gravimetric analysis 
and separations. This includes electrolytic methods (with coulo- 
metric work incorporated here), organic precipitants, complex 
ions (especially as applied to separations), ion exchange, distilla- 
tion, and solvent extraction. The remainder is devoted to volu- 
metric analysis with a somewhat unusual arrangement of the 
topics. After a brief introduction, oxidation-reduction potential 
theory is introduced, and the methods of potentiometric titrations 
are discussed. Acid-base titrations, including a brief review of 
nonaqueous solvents, and acid-base indicators are then presented. 
Oxidation-reduction methods from the point of view of the specific 
reagents, applications of oxidation-reduction in organic chemistry 
(including the Kar] Fischer reagent), and oxidation-reduction 
indicators are treated in order. Precipitation methods, from the 
point of view of the indicators, and complex-forming titrations, 
including chelating agents or ‘‘complexones,”’ are then discussed. 
Finally, a chapter on conductometric titrations, including brief 
descriptions of high frequency and amperometric titrations, is 
given. The appendixes include a bibliography of texts, a ten- 
page table of selected methods for determining the elements, 
numerical data, and answers to some of the problems. The 
material is conveniently documented, particularly for the period 
1940-50, although later as well as earlier references are given. 

The number or errors in printing seems high, some of them of a 
troublesome nature. Thus the potential of the chromous- 
chromic couple has the wrong sign, a necessary pH on page 319 
is missing, a reaction with LiAJH, is not balanced, a potentio- 
metric titration of LiAlH, uses two reference electrodes, and ace- 
tic anhydride and benzaldehyde are confused in a reaction on 
page 326. The reviewer objects somewhat to the all-inclusive 
implication of the statement “‘...which we shall use as an example 
to show how all acid-base indicators work’’ appearing on page 
248. Thesubsequent discussion on the origin of color in indicator 


systems is in error in attributing absorption to the “oscillation” 


of electrons among resonance forms. The final chapter is some. 
what more difficult to justify in the field of noninstrumenta] 
analysis than the other topics, but it is well written and defended 
on the basis of indicating newer methods as well as other tech- 
niques in some difficult systems. The only topic which the reviewer 
feels was slighted is a more detailed discussion of the colloidal 
state. Much of this material is implicit in the treatment, but the 
mechanism of coagulation and peptization is barely mentioned. 


JOHN H. WISE 
STanrorp UNIVERSITY 
STanrorp, CALIFORNIA 


« PRACTICAL ORGANIC CHEMISTRY 


F. G. Mann, Trinity College, Cambridge, and B. C. Saunders, 
Magdalene College, Cambridge. Third edition. Longmans, 
Green and Co., London and New York, 1952. xv + 466 pp. 
76 figs. 14.5 X 22cm. $3.75. 


BEcAvUsE some teachers of organic chemistry may not be ac- 
quainted with earlier editions of this laboratory manual, it seems 
in order to describe briefly the organization of this third edition. 

Part I Methods and Manipulations (46 pages), is a brief but 
comprehensive description of the more common manipulative 
processes used in the elementary organic laboratory. 

Part II, Preparations (187 pages), contains a varied fare of the 
common syntheses usually found in most elementary manuals, 
There are approximately 35 preparations of aliphatic compounds 
and 65 preparations of aromatic compounds. For the most part 
these are separated in the text, that is, aliphatic from aromatic. 
The quantities of reagents used are usually as small as is practi- 
cable for the hands of elementary students. A few semimicro 
preparations are included. Examples of reactions illustrating the 
benzidene rearrangement, Ullmann condensation, benzilic acid 
rearrangement, Reformatsky reaction, Clemmenson reduction, 
Fischer indolization, Mannich reaction, and the Diels-Alder re- 
action have been added in this revision. The experimental 
directions are exceptionally clear and concise. Their character 
prompted Sir William Pope to state in the foreword of the first 
edition, ‘“The student who fails in any of the prescribed experi- 
ments should look for the cause of the mishap in his own dis- 
regard of the meaning of the printed word.” 

Part III, Reactions and Identification of Organic Compounds 
(85 pages), is an elementary approach to qualitative organic 
analysis in which no attempt is made to include more than a 
cursory experience in the identification of organic compounds. 
The authors have felt that students should be thoroughly familiar 
with the reactions of the more common classes of compounds be- 
fore attempting more elaborate procedures. The main scheme 
involves such tests as pyrolysis with and without soda lime, 
identification of elements, solubility in acidic and basic solutions 
and in concentrated sulfuric acid, carbonyl reactions, and reac- 
tions with ferric chloride. There is no formal classification as to 
solubility behavior. The treatment seems quite adequate for use 
in conjunction with the work in the elementary course. 

Part IV, Quantitative Analysis (87 pages), is an excellent pres- 
entation of the common procedures used in the analysis of 
organic compounds. There is one section of macroanalyses and 
another of semimicro analyses. The latter section was written 
by Dr. P. Sykes of Cambridge. The section of macroanalysis 
includes the Carius methods for halogen and sulfur, exceptionally 
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complete descriptions of several methods for the determination of 
molecular weights, and estimation of hydroyxl groups, amino 
groups, acetyl groups, formaldehyde, urea, sugars, and simple 
amino acids. The section on semimicro analysis includes estima- 
tion of carbon and hydrogen, nitrogen (Dumas and Kjeldahl) 
and methoxyl. 

Part V, Simple Enzyme Reactions (18 pages), is a novel feature 
usually not found in laboratory manuals of this type. Although 
the material appears to be the same as in the first edition, it seems 
appropriate to mention the presence of this section in the third 
edition. Biology and premedical students who are bored by the 
usual preparations and exercises in the laboratory will find 
interesting reactions in this section. 

The text is probably one of the most adaptable laboratory 
manuals of its type. It is extremely well done with meticulous 
regard to detail. Every teacher of organic laboratory should 
examine this book if he has not already done so. 


DONALD C. GREGG 
UNIVERSITY OF VERMONT 
BURLINGTON, VERMONT 


* SELECTED VALUES OF CHEMICAL 
THERMODYNAMIC PROPERTIES 


Circular of the National Bureau of Standards 500. By Frederick 
D. Rossini, Donald D. Wagman, William H. Evans, Samuel 
Levine, and Irving Jaffe. United States Government Printing 
Office, Washington, D. C., 1952. iv + 1268 pp. 21 X 27 cm. 
$7.25. 


Tus book constitutes a very valuable compilation of the 
thermodynamic data available up to April, 1950. Its price is so 
relatively low that any serious worker in the field of chemical 
thermodynamics can well afford to purchase a copy for his per- 
sonal library; and, of course, all educational institutions and 
research laboratories will find it very essential for their libraries. 

The present work is largely an outgrowth from “Thermo- 
chemistry of the Chemical Substances” by F. R. Bichowsky and 
F. D. Rossini (1936). It is, however, considerably more com- 
prehensive than the earlier compilation and has been prepared by 
Dr. Rossini and his four collaborators as a definite project at the 
National Bureau of Standards. It deals with data for compounds 
of all the elements, except carbon compounds containing more 
than two carbon atoms. 

First, six pages of introduction involve a brief discussion of 
units and fundamental constants, symbols, standard states, in- 
ternal consistency, uncertainties, and the order of arrangement 
of the tables. The notation is essentially that of Lewis and Ran- 
dall, and all data are expressed in terms of the defined thermo- 
chemical calorie. 

Next come the various tables. Those of Series I cover 530 
pages and contain the available values for: The heat of for- 
mation, free energy of formation, entropy, heat capacity, and 
logarithm of the equilibrium constant of formation, all at 25°C., 
and also the heat of formation at 0°K. The tables of Series IT, 
occupying over 280 pages, then follow with values for the heat, 
temperature and entropy of transition, fusion and vaporization. 
Finally, the authors present references to the tables of both series, 
as well as an assembly of general references, which add greatly 
to the value of their work. 

The book is easy to use, and it is to be hoped that frequent 
revisions in the future will keep the compilation up to date. 
The magnitude of the compiling task has become such that only 
an organization like the National Bureau of Standards will have 
the time and adequate resources to undertake it, The user of the 
present tables will frequently find a blank space where he is seek- 
ing a desired value. Such blanks should provide incentives for 
numerous future researches in chemical thermodynamics. 


GEORGE PARKS 


Sranrorp UNIVERSITY 
Sranrorp, CALIFORNIA 


s RESPIRATION IN PLANTS 


Walter Stiles, Emeritus Professor in the University of Birming- 
ham, and William Leach, Professor of Botany in the University 
of Manitoba. Methuen & Co. Ltd., London, and John Wiley & 
Sons, Inc., New York, 1952. vii + 172 pp. 10 figs. 15 tables. 
10.5 X 17cm. $2.25. 


Tue authors of this pocket-sized treatise on such a fundamental 
biological phenomenon as respiration have aimed at a discussion 
of principles rather than a cataloguing of detailed observations. 
The result is an account of the process which is understandable 
and useful to both the elementary and advanced student. 

After an analysis and evaluation of technical procedures, there 
follows a brief survey of some of the classical and recently more 
critical work in a chapter devoted to aerobic respiration and an- 
other dealing with anerobic conditions. The fourth chapter is 
concerned with mechanisms of the process. It occupies nearly 
half of the book and has been largely rewritten for the present 
edition. Here the student will appreciate the concise descriptions 
of the several molecular organizations of glucose involved as well 
as the discussion of phosphorylation mechanisms and enzyme 
systems associated with anerobic respiration. 

A conservative point of view is maintained in considering the 
identity of aerobic cycles in plants with the more extensively 
demonstrated Krebs cycle in animal respiration. The chapter 
closes with a discussion of the intriguing process of oxidative 
anabolism and the nature of energy transfer through energy- 
rich phosphate bonds. 

Those of us who are engaged in teaching courses at the general 
level constantly feel the need for providing students with the 
opportunity for independent pursuit of some particular phase of 
the subject. With regard to physiological studies, the elemen- 
tary student often feels his lack of knowledge of even the rudi- 
ments of biochemistry. A book such as “Respiration in Plants”’ 
will give the student at this point a very necessary lift in his in- 
tellectual endeavors. 


GEORGE L. CHURCH 
Brown UNIVERSITY 
ProvipDENCE, RHODE ISLAND 


e GENERAL AND INORGANIC CHEMISTRY 


P. J. Durrant, Lecturer in Chemistry, Selwyn College, Cambridge. 
Second edition. Longmans, Green and Co., New York, 1952. 
x+76lpp. 140 figs. 63tables. 14.5 X 22cm. $4.50. 


Tuis text is, as was true of the first edition published in 1939, 
“designed particularly for students reading chemistry for higher 
School Certificate Examinations, for Preliminary Medical Ex- 
aminations, and for Entrance Scholarships to the Universities.” 
Ten chapters that deal with general principles are followed by 
16 chapters devoted to the study of the elements and their im- 
portant compounds. Forty pages of examination questions that 
have been selected from universities of the British Common- 
wealth are included in the book. Answers are given for all of the 
mathematical problems in these questions. The book has a good 
index. The majority of the figures are line drawings to illus- 
trate industrial processes for the preparation of chemicals. The 
tables give an abundance of physicochemical data. Photographs 
are not included. No exercises or reading lists are given at the 
ends of chapters. The paper is of good quality, the type is clear, 
and the book is attractively bound. 

This reviewer read the book with both interest and profit. 
The definitions, statement of laws, and explanations of theory 
are clearly worded and logically developed. In some instances 
it is felt that conciseness was achieved at the expense of needed 
qualifications. Historical material is rarely given. Descriptive 
chemistry is not included except in a limited way in connection 
with industrial processes for the manufacture of chemicals. 

The first four chapters cover atomic and molecular theories, the 
states of matter, and molecular, atomic, and equivalent weights. 
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Numerous ways are shown by which these ‘weights’ have been 
determined. Crystal structure and isomorphism are thoroughly 
discussed. It is felt that most American students of first-year 
chemistry would find the mathematics of these early chapters 
rather rigorous. Atomic structure is first introduced in Chapter 
V. The periodic classification of the elements, electronegativity, 
and valence are all intimately and effectively tied to atomic struc- 
ture. The periodic chart used in this text has 11 groups and is 
based on the chart proposed by T. S. Wheeler [‘(Chemistry and 
Industry,” 1947, pp. 639—42]. Teachers who want a refreshing 
approach to this area of the first-year course should read this 
text. 

The subject of solutions is treated from the viewpoint of phys- 
ical chemistry; numerous phase equilibrium diagrams are given. 
Osmosis and fractional and steam distillations are covered in some 
detail. The chapter on electrolytes is not up to the high standard 
of the rest of the book; the definitions are poor and many very 
important aspects of the subject are not mentioned. No basis 
is laid for volumetric analysis or equivalency of chemicals. The 
term “normal solution” is mentioned but not defined. The chap- 
ter on electrode potential and electrolysis is excellently developed. 
The subject of colloids is well handled as regards definitions and 
classifications but the properties of colloidal solutions are not 
adequately compared with the solutions of molecular and ionic 
materials. Modern methods of using ion-exchange resins are not 
mentioned in connection with water treatment (although zeolite 
is mentioned). 

The chapters that are devoted to the elements and their 
important compounds all follow the general pattern of giving 
(1) tables of physiochemical data, (2) generalized statements of 
the chemical properties as developed from their structure, electro- 
negativity, and periodic classification, (3) industrial processes for 
the preparation of the elements and their major compounds, 
and (4) specific chemical properties. Most of the equations 
are written molecularly. In reading these chapters, it is nec- 
essary to keep constantly in mind the periodic chart that is 
used in this text. General principles are constantly stressed. 

It is the opinion of this reviewer that American teachers of 
first-year college chemistry courses would profit by reading this 
text. At the same time, he is doubtful that it is a suitable text 
for most courses in this country. 


JOHN B. ENTRIKIN 
CENTENARY COLLEGE 
SHREVEPORT, LOUISIANA 


* INDUSTRIAL AND MANUFACTURING CHEMISTRY. 
PART I: ORGANIC 


Geoffrey Martin. Revised by Edward I. Cooke. Seventh 
edition. The Technical Press, Ltd., England; Anglobooks, 
New York, 1952. xxi + 752 pp. 240 figs. 16.5 X 25 cm. 
$21. 


ARE you interested in the manufacture of candles? Chapter 
IXA is devoted to this subject. The material given is up to 
date; 1910, that is. 

The reviewer compared this new edition with the fifth (1920) 
edition and found but few changes. There is still the same 
chapter on Artificial Silkk. The Aliphatic Chemicals Industry is 
the manufacture of oxalic acid from sawdust, tartaric acid from 
wine lees, plus a few halogen derivatives and esters. These 
chapters indicate the age, tone, and level of the book. 

Certain revisions and additions have been made, such as a 
35-page chapter on the Petroleum Refining Industry, which 
was fitted between pages 4 and 19 by having page 18 run from 
18a to 18t. Mostly the pages are printed from the same plates 
used for the fifth and sixth editions. Even without this economy, 
a price of $21 would be fantastic. 

This book outlived its usefulness after the sixth edition in 1922. 


KENNETH A. KOBE 


UNIVERSITY OF TEXAS 
Austin, Texas 


JOURNAL OF CHEMICAL EDUCATION 


€ MR. WIZARD'S SCIENCE SECRETS 


Don Herbert. Popular Mechanics Press, Chicago, 1952. 264 
pages. Illustrated. 14.5 X 22cm. $3. 


AN ATTRACTIVE selection of simple “home experiments” 
in general science which should provide profitable entertainment 
for youngsters on many a rainy afternoon. Chemistry is rep. 
resented to a reasonable extent. The chapter headings are in- 
viting: Right in Front of Your Nose (air pressure); Holes in 
the Air (vacuum); What’s Burning? (oxidation); ‘What 
Makes an Airplane Fly? (aerodynamics); Why Balance Gets 
Lost (gravity) Getting Warm (heat radiation, conduction, and 
convection); ‘Sound Fun (sound); The Bottle, Pin and Soda- 
straw Philharmonic (musical vibration); The Case of the Mys- 
terious Magnet (magnetism); Electromagnetic Magic (electro- 
magnetism); Charge it! (static electricity); The Wonders 
of Water (solids, liquids, gas); Bubbles at Work (carbon diox- 
ide); The Biggest Mystery of All—You! (the human body), 


e THE SCIENCE OF FLAMES AND FURNACES 


M. W. Thring, Head of Physics Department, British Iron and 
Steel Research Association. John Wiley & Sons, Inc., New York, 
1952. xiv + 416 pp. Illustrated. 14.55 K 22.5 cm. $6.50. 


Turis book is clearly a ‘‘must’’ for engineers of all classifications 
who are concerned with the design and operation of industrial 
furnaces, for physicists and chemists interested in theoretical 
and practical problems of furnaces, and teachers and students 
of engineering who desire a modern authoritative introduction to 
the scientific aspects of industrial furnace operations. The au- 
thor is eminently qualified for his subject, having specialized in 
furnace research for many years. The subject matter itself is 
manifestly of vast economic significance and in addition offers 
interesting problems both in applied and fundamental research: 
this is a combination of circumstances which might be expected 
to attract the attention of industrial and other research organiza- 
tions in ever-increasing measure. 

The opening chapter presents thumbnail sketches of the 
function of furnaces in the production of iron, steel, nonferrous 
metals, ceramics, chemicals, cement and glass, and in coal car- 
bonization. It proceeds to classify the branches of science 
applicable to the processes taking place in the furnace, namely 
(1) the thermodynamics of heating processes, (2) the laws of 
energy release by combustion of fuels, (3) the laws of flow of hot 
gases, and (4) the science of construction of furnace walls. These 
subjects are taken up separately in the succeeding chapters. 

In the second chapter entitled The Thermodynamics of Fur- 
nace Heating, the knotty problem of standards of efficiency is 
treated. From the first and second law the applicable concepts 
are developed step by step to the ultimate efficiency standard 
based on consideration of the “virtue’’ of energy, a quantity de- 
rived from the second law which is conveniently used here in 
place of entropy. 

In logical order, the next chapters deal with the various aspects 
of conversion and transfer of energy in the furnace. Chapter 3 
concerns the liberation of heat by combustion; this includes re- 
action energies and equilibria, reaction kinetics, flames of pre- 
mixed gas and diffusion flames, combustion of solid fuels and liq- 
uid fuel sprays, and the means of control of combustion. Chap- 
ter 4 deals with heat transfer by conduction, convection, and ra- 
diation; the means of measurement and calculation of heat 
transfer in the furnace chamber, and of heat loss through the 
furnace “‘skin’’; the unsteady state during the heating-up period. 
Chapter 5, entitled The Aerodynamics of Hot Systems is of 
particular interest as it deals with a comparatively little-known 
subject. Its significance in furnace operation arises from con- 
siderations of the quantity of flowing gas, and the velocity dis- 
tribution and stratification of hot and cold gas in the stream. 
The text discusses the aerodynamic principles involved, methods 
of observation and measurement, and results obtained. 

Following this coverage of the dynamic aspects of furnace 
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operation, Chapter 6 reviews the science of furnace construc- 
tion—the testing and properties of refractories, the construction 
principles for wall and crown. The last chapter summarizes the 
application of the scientific method to furnaces. This is given 
under three main topics: diagnosis of a given single furnace, 
statistical study of a furnace type, and modification of an existing 
type. Acknowledgment is made to the fact that the complexities 
of furnace design and operation make it necessary for science to 
work in partnership with ‘“art’’ or “know-how.” 

A table of conversion factors and an index conelude the book; 
most chapters are followed by individual summaries. 

It is to be hoped that this book will become widely distributed 
throughout industry, research institutions, and engineering 
schools. 


GUENTHER VON ELBE 
U. 8. Bureau or MINES 
PirrsBURGH, PENNSYLVANIA 


a SOLUBLE SILICATES: THEIR PROPERTIES AND 
USES (2 VOLUMES) 


The late James G. Vail, Director, and John H. Wills, Research 
Supervisor of Patents, Philadelphia Quartz Co. A. C. S. Mono- 
graph No. 116. Reinhold Publishing Corp., New York, 1952. 
Volume 1 (‘Chemistry’): xii + 357 pp. Illustrated. 15.5 x 
23.5cm. $9. Volume2(‘‘Technology’’): xxi +668pp. [Illus- 
trated. 15.5 X 23.5cm. $15. 


Tus work, which replaces Dr. Vail’s long-out-of-print A. C. 8. 
Monograph No. 46 on “Soluble Silicates in Industry,” is de- 
scribed on the jacket as “the only complete treatment in any 
language.’? No one will argue with this appraisal, biased as it 
may be, because the amount of material covered by its 931 pages 
of text, its 2300 references, and its 90 pages of index can only be 
described as staggering. If you would like to develop photo- 
graphs, build rubber roads in Malaya, study the phase relation- 
ships in the quaternary system Na,O—CaQ—SiO.—H.0, grow 
large crystals of quartz, or do anything else in which soluble 
silicates will be useful, this is your book. 

Volume 1 makes a great effort to collect all the theoretical and 
physicochemical information on soluble silicates in one place, 
classified in five chapters concerning history, present practices 
in preparation, homogeneous systems, heterogeneous systems, 
and complex systems. The impressive amount of information ob- 
tained at the Geophysical Laboratory of the Carnegie Foundation 
is incorporated through the active cooperation of Dr. George W. 
Morey, and similar sources well known to Dr. Vail have been en- 
listed to great advantage. This factual information on the sil- 
icate systems would be an indigestible mass of data were it not for 
the almost complete translation into graphical form. The authors 
and the staff of Philadelphia Quartz Co. have gone to a great deal 
of trouble to present a critical survey in a readable form, and the 
numerous figures and tables are a great help. 

Just as personal impressions of Volume 1, your reviewer noted 
with particular interest the discussions of the conservation of 
proteins, starch, and scarce phosphates by the substitution of 
sodium silicates, the analytical procedures given in full, the com- 
plete treatment given to surface tension and viscosity of solutions, 
the crystallographic and petrographic data, and the striking 
photomicrographs. Despite the separation of chemistry from 
technology in this volume, the utilitarian aspects are always 
pointed out (as in the discussion of water softening in Chapter 
5). This is a very practical book. 

Volume 2 presents, in the words of Dr. Wills, ‘‘some theoretical 
statements designed as a guide to practical use of soluble silicates 
in particular applications but, in the main, describes where and 
how the soluble silicates have been found valuable in the past, 
especially in the more recent years since the publication of the 
original monograph.” The information is divided into chapters 


on interfaces modified by silicate solutions (detergents and de- 
tergent mixtures, effects on metal and other inorganic surfaces, 
effects on textile fibers and other organic surfaces, dispersion and 


complex applications), coatings and films (protective and dec- 
orative coatings, preservation of stone and other porous mate- 
rials, sizing and impregnation), bonded surfaces (adhesive films, 
conjunctive cements, consolidated masses, stabilization of soils), 
sols, gels, and polymers (fluid sols, coagulation, dry gels, cata- 
lysts), and physiological behavior (internal effects, external 
effects, pharmaceuticals). The thousands of entries in the au- 
thor index and the 45 pages of subject index make it easy to look 
up a certain topic, but your reviewer was constantly distracted by 
the neighboring accounts of such things as the use of silicates on 
the aforementioned Malayan roads, in paper boxes in which 
gasoline may be burned, in the are cutting of metal under water, 
in drawing bolts, in making television tubes, in de-inking paper, 
and in washing tripe. He is convinced now that he never knew 
anything about sodium silicate, but is glad that the illustrations 
and tables of this volume are there to help him learn at this late 
date. 

Dr. Vail has long been appreciated by chemists the world over, 
but even if he had not been, his name would henceforth be blessed 
by the thousands of chemists who find they need to know some- 
thing about the theory or practice of soluble silicates and are 
saved many hours of digging in the original literature by this 
really expert work. 


E. G. ROCHOW 
Harvarp UNIVERSITY 
CAMBRIDGE, MASSACHUSETTS 


ULTRAVIOLET RADIATION 


Lewis R. Koller, Research Associate, General Electric Research 
Laboratory. John Wiley & Sons, Inc., New York, 1952. ix + 
270 pp. Illustrated. 15 K 23cm. $6.50. 


Tus book is a good source of technical information concerning 
the production, measurement, and selected applications of ultra- 
violet light. A detailed description of ares and other laboratory 
sources is given, with many illustrations, spectral distribution 
curves, and tables of operational characteristics. The remainder 
of the book is concerned mainly with discussion of selected topics, 
which are: solar radiation and its ultraviolet content, the trans- 
mission and reflection of materials, methods of detection of ultra- 
violet radiation. 

The principal applications are to ultraviolet therapy and germ- 
icidal effects, the production of ozone, and to fluorescent radiation. 
No attempt is made to treat all applications comprehensively. 

The technical descriptions are clear and well written. This 
reviewer found the information on are characteristics most 
valuable, and recommends the book to others who use sources of 
ultraviolet radiation. 


A. B. F. DUNCAN 
University oF RocHESTER 
Rocuester, New YORK 


* INK AND PAPER IN THE PRINTING PROCESS 


Andries Voet, Director of Ink Research, J. M. Huber Corporation, 
Borger, Texas. Interscience Publishers, Inc., New York, 1952. 
xii + 213 pp. 80figs. 15.5 K 23.5cm. $5.90. 


Tue author of this book came as a guest to this country in 
1935; he returned in 1939 to stay, attain citizenship, and become 
a leading scientist in the printing ink industry. Called upon to 
lecture on ink technology at New York University, he found that 
recent reports of scientific investigations in the field (including a 
number conducted in his own laboratory) were not readily ac- 
cessible to students. The book is offered, therefore, as an intro- 
duction to the physics and chemistry of ink and its interaction 
with paper. It is intended for somewhat advanced students of 
the graphic arts who should have a basic understanding of sci- 
entific principles, and who are presumed to be familiar with gen- 
eral formulation and technology, color, gloss, and dispersion. 
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These aspects are therefore omitted, in favor of a basic review of 
the rheology of inks and the principles governing their behavior 
on the printing press, their transfer to paper, and their subsequent 
drying on the printed surface. On the whole, the book fulfills 
this mission well, and is a useful contribution to ink literature. 
The author is to be congratulated on proving his point that the 
art of ink making is gradually maturing into a science, though 
still far from this final goal. 

Part I of the book, 86 pages, deals with the behavior of ink on 
the press up to the instant of impression. The all-important 
flow properties of inks and the modes of separation of films at the 
various points of contact between rollers, printing surface, and 
paper are fully discussed, with mathematical treatment and 
numerous graphs wherever warranted by known data. In- 
strumentation and methods of measurement are described. 
The author’s claim that viscoelastic behavior explains high- 
speed film splitting seems well supported, but will be challenged 
in some quarters. Causes of, and some ways of relieving, 
troublesome “ink flying’’ are considered. 

Part II, 118 pages, goes into the relationships of ink and paper: 
halftone reproduction, contrast and coverage, penetration, 
print-through, ink transfer, picking, offset, and drying by the 
various physical and chemical processes. As is natural, the 
viewpoint here is that of the ink, rather than of the paper tech- 
nician; one could wish that something more of the possibilities 
of adaptation of paper to ink, rather than the reverse, had been 
brought out. 

The book is very well written in the main, but there are a few 
obscure or incorrect statements. The one on page 60 that in 
multicolor printing each impressed film must have a more pro- 
nounced resistance to film separation than the one immediately 
preceding it, is properly contradicted on page 147. And on 
page 192, Dr. Voet hardly meant to say that ‘prints of 3 micron 
thickness did not require a longer drying time than inks of about 
twice this film thickness.’”’ For his oxygen availability test at 
this point, he would undoubtedly use his glass plates to confine 
prints between unprinted sheets, rather than to “‘separate’’ 
them. There are very few typographical errors. 


CHARLES R. BRAGDON 
LarRcHMONT, New YORK 


e TEXTILE CHEMICALS AND AUXILIARIES 


Edited by Henry C. Speel, Consulting Chemist, R. S. Aries and 
Associates, New York, N. Y. Reinhold Publishing Corp., New 
York, 1952. v+ 493 pp. 45 figs. 35tables. 16 X 23.5 cm. 
$10. 


ANYONE interested in gaining an iatroductory knowledge of 
the textile industry, the chemical industry’s best customer, will 
find this book an excellent place to start. The book is divided 
into two parts, and the 142 pages of Part I constitute the best 
short introduction to textile science to come to the attention of 
the reviewer. It is recommended to the teacher of home eco- 
nomics as well as the general chemistry teacher, for it covers the 
whole field of textile science, not just chemistry. The informa- 
tion is up to date and includes data on many of the new synthetic 
fibers, foreign and domestic. Some of the theories are presented 
as if they were universally accepted, although textile chemists 
are actually still undecided between alternate theories. 

The 15 chapters of Part II discuss the “Raw materials in 
fabric processing,’ covering the well-known materials such as 
water and starch, as well as the more specialized substance like 
cationic finishing agents and mothproofing. 

The coverage in each field is adequate, written for the chemist, 
not the specialist in the particular field. The fact that trade 
names are so frequently mentioned will be of value to many 
workers. It should be noted that the names given are always 
those used in industry, not those known to the retail trade, so 
the teacher of home economics will be helped less than the worker 
in the textile industry. 

As in any book written by various authors, differences in ar- 
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rangement and emphasis exist between the chapters, but the 
editor has done an excellent job of keeping them at a minimum, 
The bibliographies at the ends of the chapters are well chosen and 
should be entirely adequate for those who wish to go more ex. 
tensively into any subject. 


WILLIAM G. CHACE 
Lowe TEextTILeE INSTITUTE 
MASSACHUSETTS 


e A LABORATORY MANUAL OF PHYSIOLOGICAL 
CHEMISTRY 


D. Wright Wilson, Benjamin Rush Professor of Physiological 
Chemistry, University of Pennsylvania. Seventh edition. The 
Williams & Wilkins Co., Baltimore, 1952. 293 pp. 15.5 x 235 
em. $3.25. 


In THIS new edition of Wilson’s laboratory manual (the first 
edition was published in 1928) a number of experiments pre- 
viously included have been omitted, some experiments have been 
modified, and several new experiments added. The section on 
the cell nucleus, contributed by Walter Jones, has been retained, 
Quantitative photometric experiments are described for the 
Klett-Summerson instrument. The author continues to state 
that the manual “is intended to be used as a teaching manual 
and not as a comprehensive reference book. ...we have found no 
difficulty in using this manual in our medical, dental and veterin- 
ary courses.” 

The book is still printed on one side of the paper, the right- 
hand page remaining blank for note-taking. This practice has 
borne much criticism in the past. It is this reviewer’s feeling 
that where a series of short experiments involve only a brief 
procedure and one or possibly two results are concerned a blank 
page bound in the text offers many advantages over the notebook 
write-up. In such experiments the student finds it convenient 
for quick reference and study to paraphrase the experiment into 
one or two brief sentences; in some cases schemata are valuable; 
and often a chemical equation may suffice. The blank page op- 
posite the text of the experiment is ideal for this purpose. 

The first 40 pages (actually 23 pages of text) are devoted toa 
review of qualitative tests for certain inorganic constituents, 
reactions of certain organic groups, standardization of acid and 
base, electrolytic dissociation theory, and colloids. Some of this 
material could be included with profit in the sections where it 
applies, while the quantitative analysis theory and practice might 
well be left in texts covering that material. The student has 
presumably been led through a course in quantitative analysis 
and either owns texts on the subject or is in a position to consult 
them effectively. There could be a tendency on the part of the 
student to wonder why he must perform 23 pages of preliminary 
work. He is in all probability discussing carbohydrates, fats, 
and proteins in lecture during this period. Assuredly, this sec- 
tion might be omitted entirely or in part, or assigned as review 
without performance. 

The sections on carbohydrates, proteins, and fats include the 
standard procedures. Composition and directions for prepara- 
tion of the required reagents are included as footnotes. Oc- 
casional questions are asked of the student and it would seem that 
more of this would prove beneficial. A quantitative determina- 
tion of liver glycogen is given. The section on proteins includes 
preparation of a crystalline globulin and cystine and tyrosine by 
acid hydrolysis of hair (the excess acid is neutralized) but there 
is no preparation of an amino acid by enzymatic hydrolysis. 
No mention is made of the ninhydrin reaction at this point though 
the reaction is used later. The iodine number is determined by 
the Rosemund method which employs bromine in the form of 
pyridine sulfate dibromide. The section on lipids also includes 
an experiment on paper chromatography of a sample of crude 
phosphatide hydrolysate. The experiment is lengthy (12-14 
hours for the separation of the components on the paper) and 
offers no great advantage over the simpler amino acid separation 
which can be adequately performed in a laboratory period. 


| 
nent 
to the 
the 
Mill 
= pigeo 
1952. 
the 
dyes 
tutio 
evalt 
| 
plet 
cov 
thic 
firs’ 
e 
obt 
: 
the 


‘ATION 


but. the 
inimum, 
and 
nore ex. 


HACE 


ICAL 


ological 
n. The 
X 23.5 


he first 
its pre- 
ve been 
tion on 
‘tained, 
for the 
O state 
manual 
und no 
veterin- 


right- 
ice has 
feeling 
a brief 
blank 
tebook 
venient 
nt into 
luable; 
\Ze Op- 


toa 
‘uents, 
id and 
of this 
nere it 
might 
nt has 
1alysis 
onsult 
of the 
1inary 
fats, 


MAY, 1953 


The second part of the book (pages 92-290) includes experi- 
ments on digestive processes, milk, qualitative and quantitative 
rocedures on blood and urine. Following this, a page is devoted 
to the statement, “‘the use of tagged compounds will be demon- 
strated and the student will have the opportunity of observing 
the use of the Warburg apparatus and the use of the Geiger- 
Miller counter assembly for the incorporation of radioactive 


glycine into hypoxanthine by the enzymes present in the liver of 


pigeons.” 
The book is well bound in hard covers, opens well for use in the 


laboratory, and the typography is excellent. 


LIONEL JOSEPH 
San Diego State CoLLeGe 
San Dieco, CALIFORNIA 


é THE CHEMISTRY OF SYNTHETIC DYES. VOLUME II 


K. Venkataraman, Director, Department of Chemical Technol- 
ogy, University of Bombay. Academic Press, Inc., New York, 
1952. xv + 738 (705-1442) pp. Illustrated. 15 X 23 cm. 
$15. 


Tus volume contains the final 20 chapters of the work, the 
first volume of which was reviewed recently [J. Comm. Epuc., 29, 
426 (1952)]. Author, subject, and dyestuff name indexes for 
the entire treatise and a Table of Errata for Volume I are in- 
cluded. Pagination of both volumes is continuous. 

The high quality of the first volume is maintained. Pro- 
fessor Vekataraman concludes the survey of dyes following the 
chemical classification adopted in Volume I. The discussion of 
sulfur dyes alone requires 58 pages. This is followed by chapters 
on the phthalocyanines, the cyanine dyes, the action of light on 
dyes and dyed fibers, the relationship between chemical consti- 
tution and substantivity, and the identification, analysis, and 
evaluation of dyestuffs. 

As stated before, this treatise is without doubt the best work on 
dyes to date, covering the field thoroughly to about 1950. 


EDWARD R. ATKINSON 
Dewey AND ALmMy CHEMICAL CoMPANY 
CAMBRIDGE, MASSACHUSETTS 


a THIOPHENE AND ITS DERIVATIVES 


Howard D. Hartough, Socony-Vacuum Laboratories, Paulsboro, 
New Jersey, with special chapters by F. P. Hochgesang and 
F. F. Blicke. Interscience Publishers, Inc., New York, 1952. 
xvii + 533 pp. 27 figs. 107tables. 15.5 X 23.5cm. Single 
volume, $16.50; subscription price, $15. 


The chemistry of heterocyclic compounds is important and 
complex, but still not well organized. In this volume the author 
has performed a real service to those interested in heterocyclic 
compounds by collecting and organizing most of the published 
information concerning thiophene and its derivatives. This 
tremendous task has resulted in a book which is accurate, com- 
plete, and readable. 

The importance of thiophene has grown steadily since its dis- 
covery by Victor Meyer in 1882. Two previous summaries of 
thiophene chemistry in 1888 and in 1941 (both in German) 
attest to a steady extension of our knowledge of thiophene and 
itscompounds. In recent years this growth has been exponential, 
resulting in much new material being brought together for the 
first time in this book. 

The purpose of the author was to include every significant 
published reference to thiophene and its derivatives. In addition 
there is a complete summary of the unpublished data on thiophene 
obtained in the Socony-Vacuum Laboratories. Toxicological 
and pharmacological properties of thiophene are reviewed by 
Dr. F. F. Blicke. Spectrochemical and related properties of 


thiophene are covered by F. P. Hochesag. More than half of 
the book deals with the synthesis, physical properties, and reac- 
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tions of thiophene, its homologues, and its functional and non- 
functional derivatives. Whole chapters are devoted to halo- 
thiophenes, nitro- and aminothiophenes, hydroxythiophenes, aldo 
and keto derivatives, carboxy derivatives, sulfur derivatives, etc., 
of thiophene. Other chapters deal with substitution reactions in 
thiophene nucleus, selenophene and tellurophene, and laboratory 
preparations of thiophene compounds. 

The information in the book is presented in a thorough, exact, 
and attractive manner. Experimental results are critically eval- 
uated and organized about basic principles. The use of many 
tables, graphs, and structural formulas contributes to the reada- 
bility of the volume. High-grade paper and typography give it 
a pleasing appearance. 

This volume will be very helpful to anyone interested in heter- 
ocyclic chemistry, and in particular thiophene chemistry. It is a 
convenient source of information concerning the synthesis and 
properties of hundreds of specific derivatives of thiophene. 
Actual laboratory directions for the preparation of important 
intermediates will be helpful to those engaged in experimental 
work in the field. Students and teachers will find here a thorough 
treatment of the principles of thiophene chemistry. Research 
chemists and engineers will find it a useful reference for the prep- 
aration and identification of thiophene derivatives. Pharma- 
ceutical chemists will find it helpful because of the importance of 
the physiological activity of the thiophene nucleus in modern 
drugs. 


ERNEST M. HODNETT 
ARGONNE NATIONAL LABORATORY 
Lemont, ILLINOIS 


® VOLUMETRIC AND PHASE BEHAVIOR OF OIL FIELD 
HYDROCARBON SYSTEMS 


M. B. Standing, Division Supervisor of Drilling and Production 
Research, California Research Corporation. Reinhold Publishing 
Corp., New York, 1952. vi + 123 pp. 69 figs. 35 tables. 
22 X 28.5cm. $10. 


Few books have been written concerning the behavior of 
hydrocarbon systems in the natural state in underground oil and 
gas reservoirs. This volume will be welcomed by professors and 
practicing engineers alike as a valuable aid in determining fluid 
properties and predicting the behavior of oil-field hydrocarbon 
systems. The routine analyses made in the petroleum laboratory 
on samples of reservoir fluids are discussed, together with the 
application of laboratory data to the solution of reservoir en- 
gineering problems. The results of the author’s own research 
have been included along with material from many technical 
articles. 

This book is written mainly for the petroleum engineer, geo- 
chemist, and geologist, although certain sections could very well 
be adapted to classroom use. As a textbook it has two definite 
advantages: (a) the exposition of technical details is very lucid; 
and (b) the terminology employed by the author is consistent 
with that in general use by petroleum and reservoir engineers 
throughout the oil industry. 

Discussions of phase behavior have been divided into three 
general categories: gases, condensate systems, and dissolved 
gas systems. Most readers will probably find the sections on 
dissolved gas systems of paramount interest because of the greater 
frequency of this type of petroleum accumulation. In Chapters 
7 and 8 the laboratory tests on dissolved gas systems are described 
in detail, and the proper utilization of laboratory data in volu- 
metric-balance equations is indicated. Due recognition is given 
to the increasing economic importance of condensate reservoirs 
by including a chapter on the behavior of gas-condensate systems 
(Chapter 6). Other chapters are entitled: Introductory Con- 
cepts, Sampling Methods and Apparatus, Behavior of Gases, 
Behavior of Liquids, and Vapor-liquid Equilibria. Included 
as an appendix are three charts (separately printed) to be used in 
estimating reservoir fluid characteristics from the properties of 
surface production. 
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This book is a valuable contribution to the literature of pe- 
troleum reservoir engineering. A better understanding of the 
behavior of hydrocarbon systems will permit more accurate 
evaluation of oil and gas reserves and will aid in the constant 
efforts of petroleum technologists to improve production prac- 
tices. 


A. G. WEBER 
Tue Carter ComPANy 
Tusa, OKLAHOMA 


* PLANTS OF THE BIBLE 


Harold N. Moldenke, Curator and Administrator of the Her- 
barium, New York Botanical Garden, and Alma L. Moldenke, 
Biology Department, Evander Childs High School. Chronica 
Botanica Co., Waltham, Mass., 1952. xix + 364 pp. 95 figs. 
17.5 X 27cm. $7.50. 


IN A BOOK so universally known as the Bible, it is highly de- 
sirable that accuracy in reference to characteristics of the ancient 
Palestinian scene be extended to correct identification of the 
plants and animals involved. Interest in the plants of the Bible 
is evident from the fact that many publications on the subject 
have appeared in recent years. Probably none has been pre- 
pared with more scholarly effort and greater authority than 
“Plants of the Bible,” a work which is the product of twelve 
years of preparation by Harold N. Moldenke and his wife. 

In this period, nine revised or new versions of the Bible by 
eminent scholars have appeared—all these in addition to the 
several versions in the English language that have been printed 
since the King James version in 1611! When it is realized how 
greatly various versions may differ in the interpretation of plant 
references alone, the magnitude of the task that confronted the 
present authors becomes apparent. A striking example of con- 
fusion in identity of a plant through the vicissitudes of transla- 
tion is cited by the author in the case of Nahum 2:3. “This is 
rendered by the King James version—‘and the fir trees shall be 
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terribly shaken,’ by the Jastrow version—‘and the cypress speay 
are made to quiver,’’ by the Goodspeed version—‘and the charges 
will prance,’ by Moffat—‘and their horses prance at the muster’ 
and by the Douay version—‘and the drivers are stupified.’ ” It 
is agreed that the “fir” mentioned in the Bible was really the 
Aleppo pine. In the above passage, however, the reference jy 
actually to horses or their drivers. 

Among the many causes which have contributed to confusion 
in interpreting biblical texts is the well-known fact that many of 
the Old Testament passages were written by men of limited yo. 
cabulary from information handed down by word of mouth for 
centuries. Then too, it was obviously an act of heresy for schol. 
ars during the Middle ages to suggest changes in supposed cap. 
onical texts. Furthermore, no scientific study of the flora of the 
Holy Land was attempted until the middle of the eighteenth 
century when two students of the famous Linnaeus sent him 
some specimens collected during travels that proved to be quite 
hazardous. And finally, as the authors of the text indicate, 
many exotic plants have crept into the region already depleted 
of some of its native flora by the ravages of careless agricultural 
practices and subsequent errosion. At the present time, bot- 
anists in Near East universities are engaged in a systematic 
study of this region which has been neglected from the standpoint 
of its natural history. 

Dr. Moldenke, a distinguished plant taxonomist, has appraised 
the findings both of scientists and men of letters concerned with 
studies of biblical texts. He and his wife have produced a most 
valuable book which lists some 230 plants, each with all of the 
biblical passages concerned. Included are extensive discussions 
on the etymology of the Hebrew or Greek words in the original 
texts. The illustrations are both in half-tone and line drawings, 
There are over 600 bibliographical references. Certainly this 
volume will be a useful addition to any collection of reference 
works. 


GEORGE L. CHURCH 
Brown UNIVERSITY 
PROVIDENCE, RHODE 


In THE review of Martell and Calvin’s “Chemistry of the Metal Chelate Compounds” (Preutice- 
Hall, Inc.) on page 215 of the April issue, the trade price of $13.50 is listed. The price given 
should have been the college list price, which is $10. 
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New addition to an important series! 


Determination of Concentration of Active Inter- 
mediates in Reactions. By G. M. Burnett and H.W. 
Melville 

Evaluation and Interpretation of Rate Data. By R. 

Livingston 

V. Homogeneous Gas Phase Reactions. By W. D. Walters 

Reactions in the Liquid Phase. 
General Methods of Study. By J. Leffler and E. 
Grunwald 

2. Specific Experimental Techniques. By B. K. Morse 

and S. L. Friess 


IV. 


INTERSCIENCE 


TECHNIQUE OF ORGANIC CHEMISTRY, A. WEISSBERGER, Editor 


Volume VIII =INVESTIGATION OF RATES AND 
Edited by S. L. FRIESS and A. WEISSBERGER. 
Approx. 746 pages, 114 illus., 38 tables. $12.50 
This volume is concerned with the theoretical and experimental tools used to establish the 
mechanisms of reactions. Foremost among these ranks the determination of the rates at 
which a reaction proceeds as a whole and in its various parts. The authors discuss reactions 
in both gaseous and liquid phases, including catalyzed reactions in homogeneous systems, and 
also polymerization and biological kinetics where special considerations and techniques apply. 
CONTENTS: 
I. General Theory of Rate Processes. By R. Livingston VII. Homogeneous Catalysis in Solution. By T. H. James 
Il. Fundamental Operations and Measurements in Ob- 
taining Rate Data. By R. Livingston VIII. Polymerizations and Polymer Reactions. By W. J. 
III. Special Experimental Methods for the Determina- Priest 
tion of Rate Data. IX. Biological R . 
1. Use of Tagged Atoms, Groups, and Isotopes in Re- - Biological Reactions. 
action Rate Studies. By P.O’Connor 1. Measurement and General Theory. By F. M. 
2. Competing Reactions. By T. S. Lee Huennekens 
3. Measurement of Instantaneous Reaction Rates in 2. Reaction Kinetics of Enzyme-Substrate Com- 
‘ Stirred Constant-flow Reactions. By E. Grunwald pounds. By B. Chance 


X. Rapid Reactions 
1. General Principles of Measurement of Velocity of 
Rapid Reactions in Solution. By F.J.W. Roughton 
2. Accelerated and Stopped Flow Methods Using 
Spectrophotometric Measurements. By B. Chance 
3. The Thermal Measurement of Rapid Reactions in 
Solution. By F. J. W. Roughton 


4. Quenching, Electrometric, and Other Rapid Reac- 
tion Techniques. By F. J. W. Roughton 


— 
Other Volumes of the TECHNIQUE OF ORGANIC CHEMISTRY SERIES: 


Volume 1 PHYSICAL METHODS of Organic 
Chemistry 


Second edition, completely revised and augmented. 
In two parts. 1949. 6x 9. Part I: 1084 pages, 395 illus., 
93 tables. Part II: 1036 pages, 355 illus., 63 tables. 

$13.50 per part 


Volume II 


Catalytic Reactions, by V. 1. KOMAREWSKY, Illinois 
Institute of Technology, and C. H. RIESZ, Institute of Gas Tech- 
nology, Chicago, Ill. Photochemical Reactions, by W. 
ALBERT NOYES, JR., and V. BOEKELHEIDE, Keeping 
of Rochester, N. Y. Electrolytic Reactions, by SHERLOC 
SWANN, JR., University of Illinois, Urbana, Ill. 


1948. 6x9. 229 pages, 66 illus., 9 tables. $5.00 


Volume III 


Heating and Cooling, by R. 8. EGLY, Terre Haute, Ind. 
Mixing, by J. H. RUSHTON, Chicago, IIl., and M. P. HOF- 
MANN, Troy, Pa. Centrifuging, by HAROLD B. GOLD- 
ING, Boston, Mass. Extraction and Distribution, by L. C. 
CRAIG, Rockefeller Institute for Medical Research, New York, 
and D. CRAIG, Brecksville, Ohio. Dialysis and Electro- 
dialysis, by R. E. STAUFFER, Rochester, N. Y. Crystal- 
lization and Recrystallization, by R. S. TIPSON, Pitis- 
burgh, Pa. Filtration, by A. B. CUMMINS, Manville, N. J. 


Solvent Removal, Evaporation and Drying, by GEOF- 
FREY BROUGHTON, Lowell, Mass. 


1950. 6x9. 672 pages, 325 illus., 43 tables. $13.50 


Volume IV DISTILLATION 
AUTHORS—ARTHUR and ELIZABETH ROSE, State Col- 
lege, Pa. ARTHUR L. GLASEBROOK, Wilmington, Del. 
FREDERICK E. WILLIAMS, Wilmington, Del. CARL S. 
CARLSON, Linden, N. J. JOHN R. BOWMAN, Pittsburgh, 
Pa. R. STUART TIPSON, Pittsburgh, Pa. EDMOND S. 
T Rochester, N. Y. JOHN C. HECKER, Rochester, 


1951. 6x9. 696 pages, 293 illus., 97 tables. $14.00 


Volume V ADSORPTION AND CHROMATOG- 
RAPHY 


By HAROLD GOMES CASSIDY, Sterling Chemical Labora- 
tory, Yale University, New Haven, Conn. 


1951. 6x 9. 380 pages, 53 illus., 54 tables. $7.00 


Volume VI MICRO AND SEMIMICRO METHODS 
By N. D. CHERONIS, Brooklyn College, Brooklyn, N. Y., 
and A. R. RONZIO, Los Alamos Scientific Laboratory of the 
University of California, Los Alamos, N. Mex. In preparation 


Volume VII ORGANIC SOLVENTS 
Physical Constants and Methods of Purification. Sec- 
ond Edition. By A. WEISSBERGER, Rochester, N. Y. 
E. S. PROSKAUER, New York, N. Y., and J. A. RIDDICK 
and E. E. TOOPS, JR., Terre Haute, Ind. 
In preparation 
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your answer. 


ventional equipment. 


produce the speed. 


Copper Assay in 8 Minutes 


NEW 


ULTRA-SPEED 
ELECTRO-ANALYZER 


Where determination time is critical or where volume pro- 
duction of determinations is urgent, this new equipment is 
Most determinations require approximately 
one fourth that of conventional apparatus; initial invest- 
ment is less than for equivalent production capacity in con-: 
An analytically complete deposition 
of a one gram copper sample takes 8 minutes or less. 
equipment previously required 30 to 60 minutes. 
cell design, a unique electro-magnetic field and more current 


Best 
Improved 


Ch 


Please write for Bulletin 390-H 


E-APPARATUS 


ANN ARBOR. MICH. 


Perfect Tissue Sections 
Even in Dry Weather 


Here’s the answer for microtomes, balances 
and other implements susceptible to the erratic 
effects of static electricity, the Reco Neutra- 
Stat static eliminator. Irradiating the air 
with harmless Alpha particles, this handy, 


simple-to-use device discharges instantly static 
electricity on nearby surfaces. 


Two models of the Reco Neutra-Stat are 
available—Model M (illustrated above) for 
use with microtomes and Model B for use with 
balances, watch glasses, weighing tubes, etc. 


61-579 Reco Model M for Microtomes...... $15.00 
3-977 Reco Model B for Balances, etc....... 16.00 
F.O.B, New York, N.Y. 


E. MAcHLETT & SON 


ESTABLISHED 1607 


Laboratory APPARATUS SUPPLIES CHEMICALS 


220 East 23rd StreEET‘ New Yor«K 10,N.Y. 


The 


Chemical 
Arts of 
Old China 


Li Ch’iao-P’ing 


“Indispensable, not only for 
chemists, but also for students 
| of civilization, economics, and 
of the arts of Asia, for curators 
of museums, and merchants 
who handle Chinese goods.... 
A truly attractive volume for 
all people of culture.’’—Cien- 
cia e Investigacién, Buenos 
Aires 


(Outside U.S.A. $2.50) $5.00 


Order from 


CHEMICAL EDUCATION 
PUBLICATIONS 


Easton, Pennsylvania 
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Kodak reports to laboratories on: 


our cautious approach to malononitrile ... stripped lard and vitamin E... circular 
neutral density wedges ...an improved technique for microradiography 


Stay off the alkaline side 


We make Malononitrile by treating 
cyanoacetamide with phosphorus 
oxychloride to split out the water. 
This is a simple operation, but the 
chemist assigned to the job tried to 
make it harder by removing the last 
traces of acids formed in the reac- 
tion. The resulting explosions (no 
casualties) led to a trip to the library 
where we found the explanation: 
“Malononitrile trimerizes rapidly 
in the presence of alkali.’’ This is 
an understatement. The heat of 
polymerization is given off so rap- 
idly, the temperature goes up so 
fast and so far, that violent de- 
composition ensues and one can 
, get soot on one’s snoot if one is not 
careful. Our Malononitrile contin- 
ues to come just a trace on the acidic 
side, and we advise utmost caution 
about altering this situation. 
We supply more than 3500 other or- 
ganic chemicals for science and industry. 
They’ re listed in Eastman Organic Chem- 
icals List No. 38. For your copy write to 
Eastman Organic Chemicals Depart- 


ment, Distillation Products 
Industries, Rochester 3,N.Y. | 


Vitamin E 


The missing ingredient in the strange 
lard we put up in the can below is 
vitamin E, and its removal to less 
than 5 micrograms per gram of fat 
(accomplished by molecular distil- 
lation, a specialty of the house) is a 
service we perform for those who 
want to see what happens to crea- 
tures kept alive without vitamin E. 


It so happens that we are major 
producers of vitamin E (obtained 
not from lard but from vegetable 


oils) for the pharmaceutical and 
feed industries, and thus find our- 
selves in the unusual position of 
trafficking both in a commodity and 
in the absence of that same com- 
modity. The latter, of course, is 
small business, but there is a good 
deal of research going on about 
vitamin E. Over 600 scientific papers 
on work in this field during 1950 
and 1951 are summarized in a bib- 
liography recently compiled in our 
laboratories. 

Volume II, Annotated Bibliography 
of Vitamin E, 1950 and 1951, is avail- 
able from The National Vitamin Foun- 
dation, Inc., 150 Broadway, New York 
7, N. Y. A hermetically sealed tin con- 
taining 400 grams of stripped lard is 
available at $2 from Distillation Prod- 
ucts 3, 
N. Y. (Division of Eastman , 
Kodak Company). 


Neutral density wedges 


Among the many items—photo- 
graphic, chemical, and optical— 
which Kodak supplies to small but 
earnest clienteles are neutral density 


wedges composed of a carbon dis- 
persion in gelatin on glass. As a 
matter of fact, there is quite a vari- 
ety of them which we make as 
orders are received. They vary in 
price from $15.60 for a plain wedge 
of 10 by 1.5 cm size to $46.55 for a 
20 by 3 cm calibrated wedge with 
balancing wedge; in density range 
they vary from 0-.3 (100% to 50% 
transmission) up to 0-4.0 (100% to 
0.01%). Lately we’ve had a flurry of 
requests for circular neutral density 
wedges, particularly from experi- 
mental psychologists. We are happy 
now to report that these too are 
available in several sizes. Two of 
the more common ones are: 1) 
diameter, *%2” hole, ™%e” 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 
its divisions are... serving laboratories everywhere 
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wedge width, 0-3.2 density range, 
$9.60; 2) 5%” diameter, 34” or 
146" hole, 1%6” wedge width, 0-2.0 
or 0-4.0 density range, $30. 


Kodak Neutral Density Wedges are 
sold by your Kodak dealer, but we sug- 
gest you let us prepare him for your visit 
by first explaining your requirements to 
Industrial Photographic Division, East- 
man Kodak Company, Rochester 4, N. Y. 


Microradiography 


Of the total film acreage that we 
produce for the finding of voids, 
fractures, porosities, inclusions, and 
other defects in man, metal, and 
beast, an infinitesimal fraction is 
used in the sub-technique of micro- 
radiography. This is in effect two- 
stage x-ray photomicrography: a 
film or plate of high resolution is 
exposed to x-rays through a thin 
specimen section and then an opti- 
cal enlargement is made of the re- 
sultant radiographic image. Thus 
by differential x-ray absorption is 
revealed the distribution of various 
elements in the microstructure of 
the specimen. For accurate identi- 
fication, it is helpful to employ the 
line-emission from the tube target, 
but it is not convenient to keep 
changing targets in order to find 
the sets of line-emissions desired. 
Furthermore the continuous spec- 
trum plays a distracting obbligato 
to the nice, clear-cut relations of K- 
emissions and absorptions. 

Unworried by the knowledge of 
how little the consumption of ma- 
terials for microradiography con- 
tributes to their salaries, a few of 
our research people have been at- 
tacking this problem and have just 
put out a paper that tells how to 
use a variety of dependably homo- 
geneous K-radiations from inter- 
changeable x-ray fluorescence tar- 
gets that you can put in an attach- 
ment for your low voltage x-ray 
tube. 


Anyone who wants to make one like 
it can get a reprint from us of the pa- 
per, “Application of Fluorescence X- 
rays to Metallurgical Microradiogra- 
phy.” Write X-ray Division, Eastman 
Kodak Company, Rochester 4, N. Y. 
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SEMI-MICRO APPARATUS 


IMPROVED WACO SEPARATOR 


The new WACO is faster... has a little 
more power for quicker starting. Inter- 
changeable holders for 75 mm. or 100 
mm. test tubes. It's SAFE for student use! 


No. CE-2314-M. WACO Separator. 
For 110 V. 60 cycle. CAST ALUMINUM 
HEAD. With removable tube holders 
for two 100 mm. and two 75 mm. test 
tubes (other selection is permitted). 


Each $45.25 
NO WAITING 


The tenth student need not wait ten minutes 
- the WACO permits quick stopping 
through slight palm pressure! 


At the price, they class as “Non-Returnables”! 


HAND FINISHED Spatulas, perfectly shaped for Semi Micro 
Qualitative and Organic Chemistry. WACO Monel Spatulas are 
nicely balanced, permanent pieces. Glassware breakage is reduced, 
as scratching is eliminated. 


No. CE-7027. WACO Monel Spatulas, 175 mm. long, blade 23 X5 


mm. tapered to 3 mm. width. Slightly dished tip to hold crystals. 
-20 each $2.50 per doz. 


Bottom rounded. In 100 lots. 


RED STYRENE 
PLASTIC 


Your stu- 


. strong, Styrene Plastic! 
dents take real pride in their own set... and this stimulation of 
interest, through use of this NEW modern tray, means much! 


Beautiful . . . reagent resisting .. 


No. CE-7905. WACO Plastic Tray. For 14 Dropper Bottles 15 mi. 

60¢ 

% Write for NEW folder ''CEJ” listing the supplies for each text 
book. Also ask for complete Semi-Micro Catalog CE. 


ATORY SUPPLIES AND CHEMICALS 


WILKENS ANDERSON CO 


ILLINO'S 


. for rapid, accurate preparation 
of Volumetric Solutions. 


. .. Laboratories requiring speed and accuracy are 
using Aaveiete with excellent results. 


Acid Acetic, 1 N, 1/2 N, 1/4.N, 1/10 N........ccceeceeceees $2.25 
Acid Ar 1/10 N 2.00 
Acid Hydrochioric, 1 N, 1/2 N, 1/4.N, 1/20 WN, 

1/100 N 1.85 
Acid Hydrochloric, 1/10 N 1.50 
Acid Nitric, 1 N, 1/2 N, 1/10 2.25 
Acid Oxalic, 1/10 N, 1/100 N 2.25 
Acid Sulphuric, 1 N, 2/3 N, 1/2 N, 5/28 N, 1/16 N, 

1/25 N, 1/28 N, 1/50 N 1.85 
Acid Sulphuric, 1/10 N 1.50 
Ammonium Hydroxide, 1 N, 1/2 N, 1/4.N, 1/10 N.... 2.75 
Ammonium Thiocyanate, 1 N, 1/2 N, 1/4N, 1/10 N.. 2.50 
Barium Chloride, 1/2 N 3.00 


Barium Chloride, 1/5 N 2.75 


Barium Chloride, 1/10 N 2.00 
Bromine (Bromate-Br: 1/10 N 3.00 
Ceric Sulphate, 1/10 N 4.50 
Ferrous Ammonium Sulphate, 1/10 N.....................0008 2.75 
lodine (lodine-lodide, 1/5 N, 1/20 N, 1/100 N.......... 2.50 
lodine (lodine-lodide), 1/10 N 2.25 
lodine (lodate-lodide), 1/10 N 5.00 
lodine (lodate-lodide, 1/20 N 3.75 
Potassium Bichromate, 1/2 N 2.25 
Potassium Bichromate, 1/10 N 1.75 
Potassium Bromate, 1/10 N 2.50 
Potassium Bromide, 1/10 N 2.50 
Potassium Biiodate, 1/100 N 3.50 


Potassium Carbonate, 1/10 N, 1/16 N.....................0. 2.00 
Potassium Ferrocyanide, 1/10 N 
Potassium Hydroxide (CO: free), 1 N, 1/2 N, 1/4 N.. 
Potassium Hydroxide (CO: free), 1/10 
Potassium lodate, 1/10 N, 1/100 N, 0.0312 N... 
Potassium Permanganate, 1/4 N, 1/5 
Potassium Permanganate, 1/10 N, 1/16 N, 1/20 N, 


1/50 N, 1/100 N 2.00 
Potassium Thiocyanate, 1/10 N 2.50 
Silver Nitrate, 0.282 N 5.00 
Silver Nitrate, 1/10 N, 0.0282 N 2.50 
Sodium Arsenite, 1/10 N 1.85 
Sodium Carbonate, 1/10 N 1.50 
Sodi Carb te, 1/100 N 1.65 
Sodium Chloride, 1/10 N 2.00 


Sodium Hydroxide (CO, free), N, 1/2 N, 1/4 N, 
1/5 N, 1/20 N, 1/50 N, 1/100 NN... 
Sodium Hydroxide (CO: free), 1/10 N 
Sodium Oxalate, 1/10 N 
Sodium Thiocyanate, 1/10 N 
Sodium Thiosulphate, 1/10 N 
Sodium Thiesulphate, 1/100 N 
Sodium Thiosulphate, 0.02308 N 
Starch indicator (for lodometric Titrations) 
72 ampoules 5%, 144 144 ampoules— 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS - APPARATUS + SUPPLIES - CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 


NEW SARGENT 


CATALOG 
NOW AVAILABLE 
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New Oil Diffusion Pump 

One of the most modern developments in 
oil diffusion pumps is the new Cenco 
Supervac OD-25. This unit features a 
radical departure from conventional de- 
sign with the result that it is exceptionally 
easy to take apart for cleaning and may be 
quickly connected or disconnected. 

The unit consists of only three basic 
parts: the jet manifold, the jacket, and 
the boiler with its detachable heater. The 
jet manifold, which is a three-stage unit of 
welded steel, fits snugly in the boiler com- 
partment and is completely enclosed by 
the jacket. Six Allen screws hold the 
jacket and boiler together and a synthetic 
rubber “O’’ ring provides a vacuum-tight 
seal. 
The Cenco Supervae OD-25 Oil Dif- 
fusion Pump is based on the principle of 
entrapping gas or air molecules by a stream 
of oil vapor, the oil being vaporized by the 
application of heat. As oil molecules 
leave the surface of the oil in the boiler, 
they are forced upward through a vertical 
column where they are deflected down- 
ward and outward at sonic velocities 
through jets placed at three different 
levels. The air or gas molecules from the 
system are swept along by the oil vapor 
stream to the lower chamber where they 
accumulate and are readily removed by the 
forepump. The oil vapor condenses on 
the cool surface of the jacket and returns 
to the boiler. 

Full details about this new pump may be 
obtained by writing the manufacturer, 
Central Scientific Co., 1700 Irving Park 
Rd., Chicago 13, Illinois. 


New Chemicals 


@ In addition to the recently announced 
0.8. (Optically Standardized) Amino 
Acids, Schwarz Laboratories, Inc., 230 
Washington St., Mount Vernon, New 
York, now has available the following 
optical isomers of the same grade: |-Cys- 
teineHCI-H2O c. p.; O.S. 
(Methionine Free); |-Phenylalanine O.S.; 
d-Phenylalanine O.S.;  J|-Serine O.S.; 
|-Tyrosine O.S. 


@ Following are ten new chemicals just 
added to the list of the Eastman Kodak 
Co.: Acrylamide; 4-Amino-2,6-dimethyl- 
pyrimidine; 2,5-Dimethylfuran (Pract.); 
5,5-Dimethyl] Hydantoin (Pract.); 2,5-Di- 


phenyloxazole; Formamide; Malonic 
Acid (Pract.); Phthaloyl Chloride 
(Pract.); Y-Valerolactone (Pract.); 


m-Xylene (Pract. ). 
The chemicals are available from the 
tman Organic Chemicals Department, 
Distillation Products Industries, Roch- 

ester 3, New York. 


@ Bios Laboratories, Inc., 17 W. 60th St., 
New York 23, New York, announces the 
availability of the following new chemicals: 
Acetaldoxime (Acetaldehyde Oxime); 


3-Acetylpyridine; Adonidin; Agmatin 
Sulfate (1-Amino-4-guanidobutane Sul- 
fate); 1(+)Carnosine (8-Alanylhistidine); 
Chondroitinsulfuric Acid; dl-Glyceralde- 
hyde; Retene (1-Methyl]-7-isopropylphen- 
anthrene); Veratric Acid (3,4-Dimethoxy- 
benzoic Acid); Xanthosine (Xanthine 
riboside). 


@ Carbobenzoxy Chloride (Benzy! Chloro- 
formate) is now produced on a commercial 
scale by Mann Reserach Laboratories, 


Inc., 136 Liberty St., New York 6, New 
York, in a minimum purity of 99%. 

This reagent is the standard starting 
material for the synthesis of peptide and 
peptide intermediates and is also used for 
blocking of amino or hydroxy] functions 
generally. 


New Literature 


@ A general catalogue of their Chemical 
Instruments Division has just been pub- 
lished by Consolidated Engineering Corp., 
300 N. Sierra Madre Villa, Pasadena 15, 
California. Besides illustrating and de- 
scribing various mass spectrometers and 
accessories, the catalogue contains a short 
article on the mass spectrometer principle. 


@ The Metalab Equipment Corp. an- 
nounces that their new catalogue and 
manual No. 4B is ready for mailing to 
companies, hospitals, schools, and research 
organizations. It is a complete volume of 
180 pages illustrating an extensive line of 


TUBING 


Ww 


AT YOUR 
LABORATORY SUPPLY DEALER! 


THE U. S. STONEWARE CO. 
AKRON 9, OHIO 
PLASTICS & SYNTHETICS DIVISION 


Please mention CHEMICAL EDUCATION when writing to advertisers 


@ ON STEEL REELS 
@ IN COMPACT BOXES 
@ IN LARGE CARTONS 


Now, TYGON TUBING is packaged in 
three ways. Now, you can specify and get 
TYGON TUBING in the type of pack- 
age best suited to your needs. 


On the easy dispensing steel reels, 
TYGON TUBING is available in con- 
tinuous lengths up to 2000 feet and in 
outside diameters up to ¥%” with the 
actual length depending on the O.D. of 
the tubing. 

In the handy, hinged-lid boxes, TYGON 
TUBING is available in outside diam- 
eters up to 54@”, one 50 foot length per 
box. 


In the large cartons, TYGON TUBING 
is available in all sizes up to 2” LD. and 
in 50 foot, 100 foot, or continuous 
lengths. 

Getting TYGON TUBING in the right 
package is important. But, more impor- 
tant is the fact that you are getting gen- 
uine TYGON TUBING. TYGON is the 
finest laboratory tubing made. It's glass- 
clear, non-toxic, fully flexible, smooth- 
surfaced, and non-oxidizing. It resists 
both acids and alkalies plus oils, greases, 
water, and most solvents except certain 
aromatic hydrocarbons. 

To insure your getting genuine TYGON 
TUBING, every foot of this fine tubing 
is now permanently branded with the 
trade name and formulation number. 
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For SPEEDY, PRECISE WEIGHING . 
NO LOSS IN TRANSFERS— 
Place material to be weighed in covered-front 


and/or open-rear sections. Complete transfers 
easy—rinse material directly funnel tip 


into receiver. Stable, flat base . . . lightweight. 

Catalog No. |Diam. (mm)/} Length (mm) | Price, dozen 
12803 15 40 9.00 
12804 25 65 10.50 
12865 38 100 13.50 


Orders must be in lots of doxen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes. 


Improved Titrator Stand 


For ACCURATE 
TITRATION ... 
ELECTROMETRIC or 
CALORIMETRIC 


Sturdy new support takes 
electrode holders provided 
with pH Meters . . . facili- 
tates removal or addition 
of beakers, Erlenmeyer 
flasks, etc. Silent, built-in, 
motor-driven stirrer per- 
mits use as electro-mag- 
netic stirrer when not 
needed for titrations. 115 
Volt AC. 50088 


Catalog No.| Price 


$75.00 


Catalog No. 7 


For EASY , 
ORDERING of 
all LABORATORY 
NEEDS— 


Comprehensive, easty-to-use. Latest instru- 
ments and apparatus. Handy cross-reference 
section. Over 3500 clear, factual illustrations 

descriptive material. Items separately 
numbered. Printed on heavy stock, bound 
in durable Fabrikoid. 


TO GET YOUR COPY: Write today on company or 
institution letterhead giving name and title. 


NE NORE. 


orilory 


ANY IN 


76 Varick Street, New York 13, N. Y. 
Telephone: CAnal 6-6504 


WHATMAN 
FILTER PAPERS 


in 
ROLLS 


Because of the demand for 
WHATMAN Filter Papers in rolls for 
one dimensional paper chromatogra- 
phy, we now regularly stock numbers 
one, four and three MM in rolls six 
hundred feet long, one-half, one inch 
and one and one-half inches wide. 


Rolls of many other grades and in 
other widths and lengths can be 


supplied to special order. 


For column chromatography WHAT- 
MAN Cellulose Powders are now 
supplied in two qualities. The Ashless 
quality is made of pulp washed in 
HCI and HF, the “B” quality of un- 
washed pulp. Both qualities are 
supplied in two grades; the standard 
grade has been ground to pass a two 
hundred mesh screen; the coarse 
grade is more porous and allows the 
solvent to move more rapidly through 
the column. 


Supplies are available from all 
dealers in laboratory supplies but if 
you require samples or information, 
please write direct to us. 


H. REEVE ANGEL & CO. Inc. 


52 Duane St. New York 7, N. Y. 
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the various items needed for the modern 
laboratory based on sectional and inter- 
changeable units; and covering accessories 
to meet every laboratory planning prob- 


= addition to listing the Metalab line, 
the catalogue contains technical infor- 
mation and data of value to directors and 
technicians planning new laboratories and 
modernizing old ones. Prominent men- 
tion is made of the free engineering and 
design services available to users of 
Metalab equipment, including a complete 
analysis of space economy; counsel on 
utilization of new equipment and present 
facilities; ease and coordination of labora- 
tory operation; location and types of 
plumbing and electrical utilities; ven- 
tilation; lighting; and functional design. 

Copies of the new catalogue may be 
obtained by writing on company letter- 
head diiectly to the Metalab Equipment 
Corp., Hicksville, Long Island, New York. 


@ An inclusive 28-page catalogue of Beck- 
man ultraviolet and visible spectrophotom- 
eters—picturing all sample cells and other 
accessories—has just been released by 
Beckman Instruments, Inc. 

The two-color brochure contains de- 
tailed descriptions and illustrations of the 
Model B and DU Spectrophotometers— 
precision instruments which measure and 
identify substances by passing light 
through them. Such well-known auxili- 
ary units as the Flame, Reflectance and 
Fluorescence attachments also are de- 
scribed. These multiply the analytical 
uses of spectrophotometry without requir- 
ing a heavy outlay for new basic instru- 
ments. 

The catalogue features an extensive sec- 
tion treating the complete line of Beckman 
spectrophotometer cells, interchangeable 
sample compartments and cell adapters. 
A composite price list-index is also fur- 
nished. Copies can be obtained from 
Beckman Instruments, Inc., South Pasa- 
dena 1, California, through requests for 
Bulletin 303-36. 


@ A new 28-page brochure, ‘‘Celite—The 
Story of Diatomite,’’ has just been pub- 
lished by Johns-Manville. Designed for 
both laymen and technical men, it uses 
photographs and drawings as well as text 
to trace the development of diatomite. 

The story begins with the arrival of the 
diatom during the Miocene Era. This 
first section tells what a diatom is and ex- 
plains how these marine organisms 
emerged as the unique deposit in Cali- 
fornia known as the White Hills of 
Lompoc. The next section deals with 
discovery of this deposit and the experi- 
ments which have led to the still-multiply- 
ing uses of diatomite today. 

The succeeding sections of the brochure 
describe the current benefits of diatomite 
—as filter powder for water purification, 
dry cleaning, and the production of foods 
and beverages; as a mineral filler in the 
manufacture of paint, plastics, paper, fer- 
tilizers, and insecticides; as a _high- 
temperature insulation; and, as a catalyst 
carrier wherever silica is indicated. The 
story concludes with a brief prediction of 
hew things that may be expected. Copies 


Teach with BEC 


Same 
Flame Photometry 
Equipment 
that Industry 
Prefers! 


Applications are mauy and varied! 
Flame Photometry (the determination 
of elements by their flame spectra) is 
~~ sapidly moving to the forefront as one 
of the most useful of all instrumental 
methods of analysis—so rapidly, in fact, 
‘that many potential users are not yet 
aware of the great savings to be made 
by this time-saving analytical tool. Yet 
companies that have. investigated 
Beckman Flame Photometry are finding 
it amazingly profitable. One oil com- 
pony reports savings of $300 per week 
per instrument...a bottle manufac- 
- turer reduced analysis time from 36 
chours to 2 hours... a municipal water 
treating plant has solved an important, 
control problem other methods could” 
not satisfactorily handle ...a fruit proc-- 
essing plant has greatly simplified its 
control of flavor and quality... and 
many other companies in widely-vary- 
ing industries are finding new profits, 
new savings with Beckman Flame Pho- 
tometry methods. 


* 


Beckman Model B 
Flame Photometer 


BECKMAN INSTRUMENTS 


control modern industries 


How Savings Are Made... 


The Beckman Flame Photom- 
eter analyzes virtually any aqueous or 
non-aqueous solution for metals and 
metallic compounds (quantitatively 
and qualitatively) at rates as fast as 
10 seconds per determination—with 
greater accuracy than other methods. 

It will quickly make determi- 
nations that other routine methods 
cannot handle—and is applicable to 
an unusually wide range of industrial, 
medical and laboratory processes. 

Typical fields of application 
include analysis and control of brine 
solutions, beverages, cement, glass, 
metallurgy (ferrous and non-ferrous), 
fertilizers, soils, fruits, grains, vege- 
tables, petroleum products, power 
plant processes, municipal water 
treatment, biologicals and a great 
many others. 


Why Beckman Equipment ... 


Beckman Flame Photometers 
use acetylene or hydrogen for a hot 
steady flame—not obtainable with 
city gas. Direct aspiration of sample 
into the Beckman flame means faster 
response, steadier readings and 
smaller sample consumption. Use of 
a Beckman Monochromator instead 
of glass filters provides higher resolu- 
tion and sensitivity, permitting anal- 
ysis of many types of samples that 
cannot be satisfactorily determined 
on filter type instruments. 


Beckman Model DU 
Flame Photometer 


Let us give you complete data. 


To better acquaint you with the many 
profitable applications for Beckman Flame 
Photometers, we have prepared a helpful 
data file which outlines applications, 
methods and equipment. See your nearest 
Beckman Instrument dealer for free data. 


Or write direct for Data File #21- 36. 


BECKMAN INSTRUMENTS INC, 


SOUTH PASADENA 1, CALIFORNIA 
Factory Service Branches: Chicago—New York—Los Angeles 
Beckman Instruments include : pH Meters and Electrodes — Spectrophotometers — Radioactivity Meters — Special Instruments 


of “Celite—The Story of Diatomite’’ are 
now available from Johns-Manville, 22 E. 
40th St., New York 16, New York. 
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available... 


Acanaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid, 

a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cis. 

Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate, 

Adonidine; Alanviglvcine, Alkaloids; 4-Aminopyridine; Amylase; 
nsetine; Arachidic 


FARRAND 


PHOTOELECTRIC 


-FLUOROMETER 


“is precise and stable" 


“is easy to operate” 
“has a wide range of 


Carnosine; Catalase cryst.; Cellulase; Cerotic Ac: 

Ceryl Alcohol; a-Chloralose; 8-Chlioralose 
phonic Acid; p-Chloromercuribenzoate; Cholesterol Esters; Circule. 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride, 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaidehyde; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucic Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 

Glucuronides; Glyceraldehyde Phosphate; Glycylglycyiglycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heperin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutemic 
= a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzoic Acid; Isoascorbic Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
ide; 8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthy!l Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
benic Acid; Penicillinese; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluorcacetate; dohiagomyelia, Sphin- 
sceine; Stilbemidine; Sulfequinoxeline; Tantalum Chloride; o-Ter- 
phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; 8-Tocopherol, 

inetiine; Tro) cid; tyrosinase; jase Cryst, ine; 
bilin; Ursolic Acid; Vitamin 


The Farrand Fluorometer is 

widely used by outstanding 

laboratories for research and 

routine fluorochemical an- 
alysis. It provides stability and linear response 
over a wide range of sensitivities for measurement 
of extremely low concentrations in micro or 
macro volumes of solution. Suitable for all 
fluorometric methods of analysis. 


A list of users and complete details about 
this instrument may be had by writing for 
Farrand Bulletin #803. 


Ask us for others! 


FARRAND OPTICAL CO., Inc. DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


BRONX BLVD. and EAST 238th ST., NEW YORK 70, N.Y. 


an easier, faster, 


better way of sealing! 


REG. U. S. PAT. OFF. 
BRAND 


High Temperature Pressure-Sensitive 
Tape No. 216 Ee 


“Scotch’”” High Temperature Pressure-Sensitive can be written on with pencil, ink or crayon. 
Tape No. 216 is a work-saving, money-saving, Small tubes and vials are easy to seal and label 
many-purpose tape for laboratories. Its active with No. 216 Tape. Strips of No. 216 Tape make by 
adhesive requires no moistening—sticks at a perfect “finger tip’’ labels. It's an energy-saver, 
touch to metals, paper, glass, plastics, wood and too, since heavy bundles needn't be lifted and 
other clean, dry surfaces. Its paper-type backing turned as when tying. 


1” Width..........60 yd. Rolls..........$1.32 in Quantity 


THE RUPP and BOWMAN COMPANY 


SCIENTIFIC APPARATUS DEPARTMENT 
315-319 SUPERIOR STREET - - TOLEDO 3, OHIO 
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Insist Upon the BEST... 


WORLD FAMOUS DETERGENT 


No matter what you want to clean . . . blood, encrusted. pipettes, 
metalware, porcelain ware, machine parts, instruments, . . . no mat- 


ter how dirty or greasy they may be... ALCONOX will make 
them sparkling clean, film-free, streakless. 


TESTED—USED In hot or cold water, ALCONOX is equally effective. It actually 
by many leading hospit- 


als laboratories, food lifts off dirt, grime and grease faster than anything you have ever 
and industrial plants. tried. 
Test SAVES ENERGY, SAVES TIME 

ough job. 

Pare Just wash and rinse. Toweling practically unnecessary. Economical too—one spoon- 


Box of 3 Ibs. — Price $ 1.95 full makes a gallon of active cleanser ready to go to work on your toughest job. 
Carton (12 x 3 Ibs.) ea. 18.00 

Bag of 50 Ibs.......... Ib. .40 Dept. JCES 

Drum of 100 Ibs... Ib. .40 

Barrel of 300 Ibs. ...... Ib. .37 

(slightly higher on Pacific Coast) 


if your dealer cannot supply 
you, write for literature and 


CAPACITY up to 
5-500 ml flasks 


SIZE: 


Base 12” x 9” 
Height 15” 


$850 


The Palo Multi-Purpose Shaker is designed to 
carry a wide variety of containers including 
various sizes of volumetric, Erlenmeyer and 
Florence flasks, phillips beakers and bottles. 
Test tubes of different sizes may be efficiently 
shaken by a simple adjustment of the clamp 
angle. The mechanical action almost duplicates 
hand-motion, cutting breakage to the minimum. 


@ Rheostat full speed control 


@ Cut-off switch timed up to 30 minutes 


= @ By-pass switch permits continuous opera- 
tion 


@ 110 volts, AC-DC 


See your Regular Supply Dealer 


LABORATORY SUPPLIES, Inc. 


Formerly Palo-Myers, inc. 


81 Reade Street e New York 7, N. Y. 
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: 
SCIENTISTS AND LABORATORY TECHNICIANS 
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samples. 
\ Gentle “hand” action for a wide variety of laboratory containers 


SEPARATORY FUNNELS 


7251 
Cylindrical 7252 
Pyrex Brand Glass, 
Graduated Cylindrical Pyrex 
¥ stopper and stope sod’ delat a the 
The 500 mi snd 1°00 
sizes latte short delivery 
Stocked in 

Stocked in 125 mi-250 ml-500 
125 ml=250 ml-500 mi mi 1,000 ml-2,000 
1,000 ml-2,000 ml ca- ml=4,000 ml capaci- 
pacities ties. 


ACE Catalog “50” 


gives list of ¥ Joint, ¥ Stopper and ¥ Stopcock 
sizes. Yours for the asking—Dep't SF-B 


Make Ace 
YOUR FUNNEL HEADQUARTERS 


ACE GLASS INC. 


VINELAND @ NEW JERSEY 


FOREMOST IN STANDARD AND SPECIALIZED 
GLASSWARE FOR RESEARCH AND INDUSTRY 


Barnstead 
STILLS 


For those who need 
the highest purity dis- 
tilled water, free from 
all types of impurities, 
including organic and 
colloidal ‘impurities, 
and bacteria, the Barn- 
stead Water Still is 
the sure, proven, dependable answer. 
Capacities 1 to 1000 gallons. Write 
for Catalog F. 


Barnstead DEMINERALIZERS 


The Barnstead Bantam Demineralizer is 
particularly convenient for laboratories 
that need only mineral-free water. Em- 
ploys renewable cartridge. No regenera- 
tion required. Capacity 5% to 8 gallons 
per hour. Now used by hundreds 
of laboratories. 
Write for Bul- 
letin #124. 


65 Lanesville Terrace 
Forest Hills 
Boston 31, Mass. 


57475 1953) 


wBarnsicad 


STILL & STERILIZER CO 


ORGANIC and INORGANIC 


For Your Research 


CHEMICALS 


for efficient service—specify 


AMEND DRUG & CHEMICAL Co., INC. 


117-119 East 24th Street 


New York 10, N. Y. 
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A mine of information 
concerning chemical 
research. 


DISCOVERY 
OF THE 
ELEMENTS 
by Mary Elvira Weeks 


“This is not a new book, but the 
fifth edition, which fact in itself 
seems to indicate considerable 
popularity. As the titie indicates 
the book is a history of the dis- 
covery of the elements. But it is 
far more than that. It is a mine 
of information concerning chemi- 
cal research. Names that have 
been mentioned baldly in text 
books of chemistry are here sur- 
rounded by the warmth of per- 
sonal contact through the media 
of correspondence, illustrations of 
equipment, photographs, and in- 
timate biographical details. The 
book can only be the result of 
extensive and careful research into 
the literature of chemistry. The 
number of documents and sources 
that have been examined to pro- 
vide voluminous and authentic 
information is staggering. But out 
of it come articulated accounts of 
the fever and the fret that have 
gone into the finding of these 
elements.” 


“Included in the book are more 
than 350 illustrations, many of 
which show original apparatus. 
Much of this in its crudity serves 
the more to emphasize the enor- 
a achievement produced with 
it. 

“On the whole it can be said that 
this book should be of interest to 
both layman and chemists. It will 
serve as a reference or equally as 
@ source of information to those 
curious about investigations made 
about the building matter from 
which everything material sur- 


rounds them.” 
The B-C Teacher 
over 300 illustrations 


pomestic $4.00 


FOREIGN $4.50 


Postage prepaid if remittance 
accompanies order 


Chemical Education Publications 
2010 NORTHAMPTON STREET 
EASTON, PENNSYLVANIA 


578 pp. 


THERE’S AN 
AO STEREOSCOPIC 


IN SCIENCE, INDUSTRY, EDUCATION 


the trend is to AO 


Stereoscopic Microscopes 


@ The natural, three-dimensional image is large and 
clear...the specimen is seen right side up... all move- 
ments appear in their actual directions. These unique 
characteristics of AO Stereoscopic Microscopes have 
made them increasingly popular for examining gross 
specimens, for inspecting precision mechanical parts, 
for maintaining purity in food products, for many 
delicate operations such as manufacturing and assem- 
bling minute precision parts or dissecting biological 
specimens. 

No other optical instrument is so versatile. Ask to 
see an AO Stereoscopic Microscope soon . . . you'll 
undoubtedly get ideas for using one effectively in 


your work. 


INSTRUMENT DIVISION + BUFFALO 15, NEW YORK 


Please mention CHEMICAL EDUCATION when writing to advertisers 


FOR EVERY NEED 


MODERATELY PRICED 
NO. 21 MICROSCOPE 


A simple instrument 
for use with 
opaque specimens. 


NO. 23 
MICROSCOPE FOR 
LARGE SPECIMENS 
Scons a 4 foot circle, 
vertical surfaces, 

or specimens in deep 
receptacles. 


STEREOSCOPIC SHOP 
MICROSCOPE 
Mounts on machinery 
for observing 
precision operations. 


Hos removable 
horseshoe bose ond 
glass stage 

for both opaque 
and transparent 
specimens. 


NO. 26 MICROSCOPE 


For examination 

by reflected light. 
Readily converted for 
other uses. 


Combines advantages 
of No. 25 and No. 23. 
Takes opaque 

ond transparent 
specimens. 

Scons large areas. 
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NO. 25 MICROSCOPE 
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Let's face the facts... 
offers... 
AXcCURACY— Assured by Sensitive Controls 
ConstRUCTION—s, Expert Experienced Craftsmen 
Mater ALS—Only the Finest Obtainable 


ENGINEERING—txclusive Features Denote A Superior 
Product 


@ STERILIZERS—HOT AIR 

@ INCUBATORS 

@ WATER HEATERS 
WRITE FOR COMPLETE CATALOG TO DEPT. X 


ACME LABORATORY EQUIPMENT CO. 


@ OVENS—GRAVITY—MECHANICAL 
@ BATHS—WATER—OIL 
[A\le steriuizers~sTEAM 
506 West 124 St. 


New York 27, N. Y. 


For high tem 
perature use 


Ungl d 
Unglazed 


Crescent bend 


5- holes 


BLOWING 
TUBE 
Catalog No. 687 


Unglazed 
One end closed 


holes 


Sillimanite Tube for use 
at temperatures above 


1300 C. 
COMBUSTION 
TUBE 


Catalog No. 685 


any styles and sizes available on special orde 


Coors PORCELAIN COMPANY 
GOLDEN, COLORADO 
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Photometers 


Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


LETT SCIENTIFIC PRODUCTS 


ELECTROPHORESIS APPARATUS BIO-COLORIMETERS 
q GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
| ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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CHEMICAL RUSSIAN 
Self-Taught 


by James W. Perry 


“Dr. Perry’s book will be par- 
ticularly welcome to those chemists 
and chemical engineers who are not 
conn with some large firm or 
organization employing a qualified 
translator. A — number of 
the free-lance technical translators 
available do not have an elementary 
knowledge of chemistry, and their 

lish is of even more doubtful 
quality than their Russian ..... 


“Since really qualified translators 
are rather expensive, anyone who 
needs to refer to Russian periodicals 
with reasonable frequency would 
find it well worth his while to study 
Russian for himself. The language, 
and especially its technical form, is 
not particularly difficult to learn. 
It is reasonable, direct and pho- 


“Since every chemist has to be 
reasonably intelligent, he needs 
only persistence and Chemical Rus- 
sian, Belf- Taught to learn this scien- 
tifically important language. Dr. 
Perry says that it would require 
approximately a year, with an 
hour’s study each day, to learn to 
read Russian fairly well. All pro- 
gressive scientists have considerable 
in studying by them- 
selves, however, and should absorb 
a great deal more knowledge in a 
given period of time than the aver- 
age student. I therefore feel that 
anyone devoting half an hour each 
evening to Russian instead of the 
usually recommended cultural liter- 
ature, could master technical Rus- 
sian adequately in six months. 


“Any chemist at all interested in 
studying Russian should be much 
encouraged on reading Dr. Perry’s 
chapter entitled Suggestions. for 
Study Methods. Here the appreach 
to study of Russian is analyzed 
logically and clearly. And he will 
certainly want to take advantage 
of all the useful material packed so 
solidly into the thoughtfully organ- 
ized chapters on Vocabulary Prob- 
lems, Inorganic Chemical Nomen- 
clature, Organic Chemical Nomen- 
clature, and Russian Grammar, as 
well as the Glossary of Technical 
Terms which contains almost 2,000 
words. In fact, this book would be 
a good investment even to those 
chemists who want to learn only 
enough Russian to read the titles of 
technical articles.”’ 


Ludmilla I. Callaham. 
Cuemicat. ENGINEERING 


221 pages $3.00 
Chemical Education Publications 


2040 NORTHAMPTON STREET 
EASTON, PENNSYLVANIA 


with 


VITREOSIL* (Vitreous Silica) laboratory ware 
is @ superior replacement for porcelain and 
glass and a satisfactory substitute for plati- 
num in many cases. Greater chemical 
purity and high resistance to heat shock 
as compared to other ceramics and 
low initial cost compared to plati- 
num have led to the universal 
adoption of VITREOSIL as a sub- 
stitute for platinum, porcelain and 
other materials in many analyti- 
cal procedures. 


Standard items of VITREOSIL 
Laboratory Ware include trans- 
parent, glazed and unglazed 
crucibles, evaporating dishes, 
beakers, tubing, etc. 


Large stock enables 
prompt shipment. 


Write for Technical Bulletins giving 
full descriptions, specifications, and prices. 


*® 


THE THERMAL SYNDICATE, LTD. 


14 BIXLEY HEATH LYNBROOK, N. Y. 


The SYMBOL of QUALITY ' 
in specialized glass 
apparatus 
for 55 years! 


timate on your par- 
ticular. needs in glass 


apparatus precisely” 
to your spe. i 


fications. 


E.Macutert & Son 


APPARATUS + SUPPLIES + CHEMICALS 


220 East 23rd Street: New Yor« 10, N.Y. 
Texzrnone LExincron 2-13)3 Tecerves N. Y. 1.2444 
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“I have just examined a copy of the 25-Year Cumula- 
tive Index of the JOURNAL. I congratulate you upon 
a beautiful piece of work. The Index will be of in- 
calculable value not only to teachers, but to au- 
thors of the JOURNAL. I think a justitied criticism 
of the work of the latter—and I include myself— 
has been their failure to recognize the contribu- 
tions of others in the field. Now that the Index 
is available your reviewers can crack down on 
those in the future who skim over this essen- 
tial of good scholarship.” 

from a letter to the Editor 


The 25 Year Cumulative Index to the JOURNAL OF CHEMICAL 
EDUCATION is not a compilation of the annual indexes. It's a 
completely new index made from a study of each issue pub- 
lished since January 1924. This Cumulative Index is a veri- 
table bibliography of the entire field of chemical education. 
It's a source book of ideas for the teacher and the chemist in 
industry alike. If you have access to the JOURNAL, you need 
a copy of the Cumulative Index. Order it today. 


($3.50 foreign) 


Journal of 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 


(Ma ae $s Spectrometer Checked) 


BOWEN 
LABORATORY 
SPRAY 
DRYERS 


developed especial- 

ly for qualitative re- 

search and product 
evaluation. 


Furnished as a complete unit on 3’ x6’ table. Operating in more than 100 
colleges and industrial laboratories with highly satisfactory results since 1945. 
Stainless steel construction — simple to operate — easy to clean. Operating and 
technical data in illustrated bulletin sent on request. 


BOWEN ENGINEERING, 
NORTH BRANCH 11, NEW JERSEY 


INC. 


assure you goses 


quality. Available 
glass bulbs. 


Linbe, the world’s largest producers of gases derived 
from the atmosphere, can meet your individual needs 
of purity... volume... mixtures... containers... 


LINDE AIR PRODUCTS COMPANY 
A ‘DIVISION OF 
UNION CARBIDE AND sph CORPORATION 


30 East 42nd Street [49 New York 17, N.Y. 
in Canada: Dominion Oxygen Company, Limited, Toronto © 


JOURNAL OF CHEMICAL EDUCATION : 


Easton, Pennsylvania 


Please accept my subscription to the JOURNAL OF 
Read EDUCATION for...... years. 


) Remittance of $...... inclosed. ( ) Please send 
inv oice. 
One ms $3.50 Two years $6.00 Three years $8.50 


On Canadian subscriptions add Sag early; 
on Foreign add $1.00 
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HELIUM - NEON ARGON KRYPTON - XENON 
Linoe Rare Gases are mass spectrometer checked to 
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MORE FOR YOUR MONEY... 


vARLABLe 


HALF -SHADOW 


THE FULL-CIRCLE 
POLARIMETER 
Made By 


Precision Instrument 
Makers Since 1819 


Compare the extra advantages . . . variable 
penumbral angle . . . tripartite field of vision . . . 
direct readings to 0.05° (estimates to 0.01°)... 
precision construction. The finest instrument 
of its kind in this price range. 
Sold through all leading suppliers 
Write for Bulletin KP-514 


KERN COMPANY 


\ 5-7 Beekman St., New York 38, N. Y. 


HISTOCHEMISTRY 


Theoretical and Applied 

by A. G. Everson Pearse 

Lecturer in Histochemistry at the 
Postgraduate Medical School (University of London) 


This book is an endeavour to compass the whole of histo- 
chemistry as applied to tissue sections. It deals solely, 
therefore, with the theoretical and practical aspects of 
Microscopical Histochemistry. 
TECHNICAL APPENDICES TO EACH CHAPTER 
530 pages, 109 ills., 4 color plates $12.00 


CIBA FOUNDATION COLLOQUIA 
ON ENDOCRINOLOGY 


Volume V 
Bioassay of Anterior Pituitary 


and Adrenocortical Hormones 


Contents 
Requirements for Clinically Useful Endocrine Bioassays 
Thyrotrophic Hormone 
Gonadotrophins and Prolactin 
Growth Hormone 
Adrenocorticotrophic Hormone 
Adrenocortical Hormone 


224 pages, 53 illustrations 


LITTLE, BROWN & COMPANY 
BOSTON 


The Mark of Good Books Since 1837 


PUMP 


Solution 


ZERO to MAXIMUM 


No Corrosion...No Contamination 


For inexpensive laboratory pumping of any liquids, gases, or 
solids in solution, the SIGMAMOTOR — used with the Zero-Max 
Torque Converter. — is receiving wide accept Aut ti 
“fingers” provide pressure on flexible tubing for moving the 
fluid. The Zero-Max provides -full torque conversion from zero 
to maximum speed ranges. Speed settings are accurately 
repeated every time. 


SIGMAMOTORS can be used for small flows or proportional 
flows of two or more liquids. 
gallons per hour. 
WRITE today for details on how SIGMAMOTOR and Zero-Max 
can render economies in your pumping jobs. 


SIGMAMOTOR Inc. 


Flow rates range from 0 to 30 
Quickly adaptable to different solutions. 


24 North Main Street. @ Middleport, 
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Most Complete 
|| Electronic 
| BUYING GUIDE 


_ your helping hand for Everything 
Electronic Equipment. Over 196 pages of 
the latest in Radio, TV and tndustr 

tronics. Hi Fidelity and PA So 

ipment PLUS JAN type Electronic 
ponents with latest JAN Cross-Referen 
ide. If it's NEW. . . HUDSON has 
RST! Leading authorized distributor 
he East. Send for your copy . KEEP q 
IT HANDY for ordering . it’s a 
nient . . Time and Money Saving! 
Source 


ONE Complete. De 
ONE Order... 
HUDSON 


RADIO & TELEVISION CORP. 
212 Fulton St. 


Send for FREE Catalog to Dept. CE-5 
48 West 48th St. 


New York 


Circle 6-4060 


: 
\ 
KERN | 
$6.75 
\ 
RY ases Use It! 
Your Helping Hand ! 
— 1953 HUDSON CATALOG | 
i TUBES PARTS BATTERIES 
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SOUPMENT CHEM ED BUYERS’ GUIDE SERVICE 
MAGNETIC $1995 RAR METALS. UNKNOWNS | 


Ne Chrome No Gadgets Strictly Utilitarian 
Alnico Magnet Switch Metal Case 
JAMES INSTRUMENT COMPANY 
P. O. Box 757 Newark 1, N. J. 


ALL — COMPOUNDS 


for Lists 
A. D. MACKAY, INC. 
198 Broadway, New York 38. N. Y. 


Amino Acids 


Amino Acids & Peptides 
Research Biochemicals 


RESEARCH 
LABORATORIES 


New York BEekman 3-5863 


4 ™ ost Comprehensive 


“SPRAY DRYING 
LABORATORY 


available for tests & product evaluation 
FULLY DESCRIBED IN 20 PAGE 
BOOK...WRITE FOR COPY 


_ BOWEN ENGINEERING, INC. 


NORTH BRANCH, N J 


Recognized Leader in Spray 
Dryer Engineering Since 1926 


Certified Buffer Solution 
for your pH Meter .. . at 
$1.88 per liter! 


Each Coleman Cert fied Buffer Tablet 
makes 100 ml of FRESH liquid buffer 
solution . . . for calibration of ANY 
pH meter! 

Tablets keep indefinitely. Order a 
few vials . . . any pH value from 2.00 
PH to 11.80 pH, in steps of 0.20 pH— 
specify Cat. No. JC-5. 

Per Vial of 12 tablets.......... $2.50 
Per Box 6 Vials (same pH).... 


GLASS BLOWING 
by Experts 
According to specifications for chemical, medical, 


Industrial RESEARCH LABORATORIES. 
Please ask for our quotation 


LABORATORY GLASS SUPPLY CO. 
610 W. 150th St. New York 31, N. Y. 


Pinacol 
Pinacolone 
Trimethylphosphite 
3,3’-Dimethylnaphthidine 
EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


For 
Qualitative Analysis Classes 
One hundred qualitatively different lots of 
metals and alloys and mixtures of metals end 
request. for leaflet U 


ure and composition range grams, 
A Real Ti Chest of | oe ’ 


All in one Compact Case.......... $37.50 
Cargille Unknowns have been used 
In many colleges since 1932. 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York 6, N.Y, 


ORGANIC NITROGEN COMPOUNDS 
FUNDAMENTAL ORGANIC CHEMISTRY 
WORK-BOOK OF ORGANIC CHEMISTRY 

Revised : $8.75, 4.50, 1.75 
University Lithoprinters 
Ypsilanti, Michigan 


RELATIVE HUMIDITY 
at a GLANCE! 


Relative humidity from 
10% to 70% indicated 
by color-change spots on 
low cost Humigraph cards. 
Quick response. Usable 
many months. Negligible 
low cost. Space for your 
imprint; or special designs! 
Get details and sample 


JPPLIES CHEMICA 


WILKENS ‘ANDERSON 


OVER 5100 


CHEMICALS 


Copper Silicofluoride 

Copper Thiocholine 

@ Copper Undecylenate 

Coproporphyrin 

@ Coriamyrtin 

e Coronene 

Corydaline 

@ o-Cresol Indophenol 

@ m-Cresol Indophenol 

@ Cresyl o-Silicate 

Cuproin 

@ Cyanoacetylguanidine 

@ Cyclooctatetraene 

Cystinyldiglycine 

Cytase 

Decalol 

@ Dehydracetic Acid 

@ Dehydroisoascorbic Acid 

Deuteroporphyrin 

@ 1,2-Diamino- 
anthraquinone 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


17 West 60th St. New York: 


Plaza 7-817) 


POLARIMETER TUBES 

and ACCESSORIES for 

GENERAL POLARIMETRY 
INVERSION TESTS 
HIGH TEMPERATURE POLARIMETRY 

CONTINUOUS FLOW 

SEMI-MICRO POLARIMETRY 
MICRO POLARIMETRY 


Write for new list PT-14 
O.C.RUDOLPH & SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N.J. 


SIGMA 
IS AS NEAR TO YOU 
AS YOUR TELEPHONE 


Wherever you are in the United States, what- 
ever your problem or your requirements, just 
pick up your phone and call Mr Dan Broida, 
EVergreen 3529, St. Louis, Mo., collect! 


Some of the many 
SIGMA STOCK PREPARATIONS 


Adenosine Diphosphatc@Estrivl Glucuronide 
Adenosine Tr Creatine Ph 
Adenosine- 5-Phosphoric Acid@Inosinic Acid 
AJ hos®Triphosphopyridine Nucleotide 
pom © Phenolphthalein Glucuronide 
Calcium Phosphate Gel @ Glucose-6-Phosphate 
p-Chloromercuribenzoic Acid @ Cozymase 
“Cytosine @ Flavin Adenine Dinucleotide 
Cytochrome-C @ Pr diol Gluc 
Dihydro Diphosphopyridine | Nuc leotide 
Glucose Oxidase @ 
Glucose-6-Phosphate ‘Dehydrogenase 
b-Glucuronidase @ p-Nitropheny! Sulfate 
Glycyl-Glycine @ p-Nitropheny! Phosphate 
Inosine Tri — © o-lodosobenzoic Acid 
Menthol Glucuronic Acid @ Phosphocreatine 
Tris(Hydroxymethyl)Aminomethane 


WRITE DEPT C. 


CHEMICAL COMPANY 
4648 EASTON AVENUE, ST. LOUIS 13, MO, U.S.A 


SIGMA 
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Ace Glass, Inc..... . 
Acme Laboratory Equipment 


39 
Aloe Scientific (Div. of A. S. 
24 
Amend Drug & Chemical Co., 
American Optical Co......... 41 
Angel & Co., H. Reeve....... 36 


Baker Chemical Co., J. T.. ... IFC 
Barnstead Still & Sterilizer Co., 


Beckman Instruments........ 37 
Bersworth Chemical Co... .16 & 17 
Blakiston Co., The 25 


Boekel & Co., Wm........... 26 
Buffalo Apparatus Co......10 & 11 
Bowen Engineering, Inc....... 44 
Central Scientific Co.......... 20 
Chem. Ed. Buyers’ Guide.... . 46 
Coleman Instruments........ 14 
Coors Porcelain Co........... 42 
Corning Glass Works......... 48 
Delta Chemical Works. ...... 38 
Eastman Kodak Co.......... 33 
Eberbach Corp.............. 32 
Farrand Optical Co., Ine...... 38 
Fisher Scientific Co.......... OBC 
Greiner Co., Emil ........... 8 


Harshaw Scientific Co., Div. of 
the Harshaw Chemical Co.. 23 


Hevi Duty Electric Co........ 47 
Hudson Radio & TV Corp.... 45 
International Equipment Co... IBC 
Interscience Publishers, Inc.... 31 
45 
Kimble Glass Co............. 13 
Mig. Co............. 27 
Mie. Co... 42 
LaPine & Co., Arthur S..... 15 


Linde Air Products Co., The 
(Unit of Union Carbide & 
Carbon Corp.)............. 

Little, Brown & Co........... 45 

Longmans, Green & Co., Inc.. 19 


Macmillan Co., The.......... 18 
Mallinckrodt Chemical Works. 22 
Matheson, Coleman & Bell Co. 6 


New York Laboratory Supply 


Palo Laboratory Supplies, Inc. 39 


Rupp & Bowman Co......... 38 
Sargent & Co., E. H....... 12 & 34 
Saunders Co., W. B.......... 28 


Schleicher & Schuell Co., Carl. . 9 
Sigmamotor Corp............ 45 
Southern Scientific Co., Inc. 


Thermal Syndicate, Ltd....-.. 48 


Thomas Co., Arthur H........ 3 
Union Carbide & Carbon Corp., 
Unit of (Linde Air Products 
U.S. Stoneware Co........... 35 
Welch Mfg. Co., W. M....... 30 
Wiegand Corp., Wm. T....... 
Wiley & Sons, John.......... 4 
Wilkens-Anderson Co......... 34 
10 & 11 


- @ 


SPECIAL MUFFLE FURNACES 


for Fast, Accurate Results 
in Class Room Studies 


These special Muffle Furnaces are capable of withstanding a 
maximum temperature of 2,000° F., and can reach this tem- 
perature in approximately 1 hour and 15 minutes, starting at 
room temperature. Heating elements, each one replaceable 
independently of the others, line the sides, top, bottom and 
rear wall. 


Numbered Openings Permit 14 Students to Work at One Time 


Door openings are divided in two sections, each operating 
independently. Space is provided in the heating chamber for 
proper identification numbering so that fourteen students can 
use each furnace simultaneously. These furnaces are — 
suited for drying of precipitates, ash determinations, fusions, 
ignitions, heating metals and alloys, enameling, heat treating 
and experimental test work. 


Hevi-Duty Furnaces Preferred by Many Universities 


All over the country prominent colleges and universities are 
finding these Hevi Duty Multiple Unit Muffle Furnaces fast and 
accurate for class room studies. They are easy to operate, easy to 
maintain, and provide the same exactness used in industry today. 


Write for Further Information 


HEVI DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES HEV1=zBULY ELECTRIC EXCLUSIVELY 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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The ox is one fellow who never shies 
away from pulling his own weight. 
In fact, he often pulls many times it. 
If you are a lab instructor, you know 
that your glassware has to be strong 
enough to ‘‘more than pull its own 
weight,”’ too... . first, because you are 
responsible for the safety of your 
students, and second, because you can’t 
afford constant replacement costs. 
That’s why it pays to take advan- 
tage of the safety and economy of 
durable PYREX brand laboratory 
glassware. Experience in thousands of 


PYREX BRAND TEST TUBES 
—Twenty-two standard sizes 
from 10x75 mm. to 65x500 
mm. Strong, sturdy ... tops 
for applications encountered 
in school chemistry. 


PYREX BRAND REAGENT BOTTLES 
—Permanent red coloring for quick 
easy reading. Easy inter- 
changeable stoppers. High chemical 
stability for protection of standard 
solution. Special labels available. 


... is important in laboratory glassware, tod 


schools has proved its ability to with- 
stand steady, day-to-day use by in- 
experienced hands. 

You can be sure of utmost resistance 
to physical and thermal shock because 
it is made of famous PYREX brand 
glass No. 7740. You also can depend 
on added protection against breakage 
plus simple handling and storage be- 
cause of its functional design. 

Your laboratory supply dealer stocks 
the complete PYREX laboratory ware 
line. Call him today. Whatever your 
lab needs are, he is ready to serve you. 


WATCH GLASSES—Pressed instead of 
blown construction for maximum strength. 
High chemical resistance prevents con- 
tamination of solutions during boiling 
operations. 


® 
PYREX «- laboratory glassware that gives you economy, accuracy, durability 


CORNING GLASS WORKS, Corning, New York 
Comming meant research ie 
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Angle Head 
International Clinical Mode] Centrifuge 


OW you can swing twelve 15 ml. Centri- 
N fuge tubes or twelve blood serum tubes 
16 mm. x 100 mm. or smaller in your Inter- 
national Clinical Model. The new angle 
style head, Catalog No. 809, fits any Inter- 
national Clinical Model now in service and 
has 12 drilled holes to accommodate twelve 
15 ml. glass tubes in Metal Shields No. 302 
or 12 blood serum tubes in Metal Shields 
No. 303. Maximum speed of the No, 809 
head on alternating current 3770 r.p.m., 
1790 x g. Prices: No. 809 Head — - $33.90; 
No. 302 or No. 303 Shields 


each $1.05. 
Obtainable now from your Laboratory 


Apparatus Supply Dealer. 


Advantag 


| Clinical Model 


wide variety a 
sibilities. 


Internationa 


accessories tion po 

binati 
cessory com tions — 
39 different ac us filtra 


continuo ing 
heads for nventional tube seed 
0 


Interchangeable 


le 
ads. 4-place 
he ain. for example, alternating curren 
Higher 


n 
2650 x © alization 
Qr.p-m., f specia 1 
head 430 fifty years © 
over 


nufacture : 


Guaranteed by i 
in Centrifuge ™ 


NATIONA 


an CHC-1952 
SOLDIERS 
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tH largest 
AND MOST COMPLETE 
LINE OF 


BY 
FISHER 


OVER 6,000 CHEMICALS... 
The largest and most comprehensive line of laboratory the desired form if not otherwise available. This relieves 
chemicals anywhere, is available from Fisher Scientific. research laboratories of the time-consuming manufac 
The company’s Edgewater, New Jersey Chemical Manu- turing process and enables them to devote their time 
facturing plant is engaged in a continual effort to add and facilities to the important work at hand. 
new items and to maintain the high quality and purity All Fisher plants are well stocked to give immediate 
of our chemicals so that the laboratory will have at its attention to your requirements . . . and you can always 
command the finest and most rigidly controlled reagents depend on the purity and consistent uniformity of Fisher 
for its exacting analytical work. Reagent Chemicals. Write or call the nearest Fisher plant 
for your next order. 
SPECIAL CHEMICALS CUSTOM MADE... 
Our experience and facilities make available also special Send Fo 
laboratory-grade reagents on a custom basis. We will 2 d 
make laboratory, pilot-plant or production quantities This FREE 
of an organic or inorganic chemical or solution not Chemical Catalog 
regularly available and also prepare any chemical in Today 


PITTSBURGH (19) New YORK (14) MONTREAL, P.Q. 
S R C : ENTI Cc 717 Forbes St. 635 Greenwich St. 904 St. James 
WASHINGTON 
ST. LOUIS (18) 7722 Woodbury Dr., TORONTO (8), P.O. 


Ave. 
#facturer-Distributor of Laboratory Appli and Reagent Chemical: S, Ave. Silver Spring, Md. 
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